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Postural instability (PI) is one of the most disabling symptoms of Parkinson’s disease (PD). PI is 
a well-known risk factor for falls in individuals with PD that worsens with disease progression. 
About 50-70% of people with PD fall once or more in a year, which is much higher than the 30% 
fall rate reported for community dwelling older individuals. Impaired balance associated with PI 
and fear of falling are factors related to decreased mobility and poor quality of life in individuals 
with PD. Several studies have examined the effects of exercise particularly strengthening and 
aerobic training on various motor and non-motor symptoms of PD. However to date, few studies 
have examined effects of balance specific interventions on balance, spatiotemporal gait, and 
non-motor symptoms such as fatigue, pain and depression. Moreover, none have used a 
commercially available device, Biodex Balance System (BSS) to implement a challenging 
balance training protocol. BSS consists of a moving platform that can be used to progressively 
challenge one’s balance while providing visual feedback. Finally, most of the previous studies 
did not report information pertaining to clinically meaningful changes in balance and its 
implications to physical function and quality of life in individuals with PD. The overall objective of 
this study was to evaluate whether short term progressively challenging balance specific training 
using the BSS improves balance, spatiotemporal gait and non-motor symptoms including 
fatigue, pain and depression in individuals with PD compared to usual non-progressive balance 
exercises. The central hypothesis is that challenging balance exercises, where individuals with 
PD are challenged out of their comfort zone for static and dynamic balance can significantly 
improve balance and spatiotemporal gait.  
Chapter 2 describes aims 1 and 2, utilizing 4 weeks of BBS balance training to determine 
changes in sway measures and spatio-temporal gait variables in individuals with PD. Ten 
individuals in a balance exercise group using the BSS and 10 individuals in general balance 
exercise group without Biodex (Non-BSS) completed the study. This study showed that 4 weeks 
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of balance exercises using BSS resulted in significant within group improvement in sway area, 
center of pressure (CoP), path length in antero-posterior (AP) direction in the BSS group. We 
also found significant within group improvements in the balance measured by Berg Balance 
Scale, gait velocity, and step length in both groups. Additionally, we found significant within 
group improvements in functional scores measured by the Timed Up and Go and 6 Minute Walk 
Test in both groups. However, we did not find significant between group differences for any of 
the outcome variables. Due to technical failure in the system, we were not able to report force 
plate data from the non-BSS group.  
Chapter 3 describes aim 3, where 4 weeks of BSS training was utilized to determine 
changes in fatigue, pain, depression, fear of falling and quality of life in individuals with PD. 
Although motor symptoms of PD are described widely in the literature, and several studies 
report improvement in motor symptoms following various exercise trainings, little has been done 
to determine the efficacy of exercise interventions on the non - motor symptoms of PD. Aerobic 
exercise, strengthening, gait, tai-chi, qigong, and yoga therapy have been shown to improve 
motor deficits in PD. However, no study has examined the effects of balance training with BSS 
on non-motor features such as depression, fatigue, pain and fear of falling in individuals with 
PD. In our study, we determined the effects of balance training on non - motor symptoms of PD. 
The results demonstrated that 4 weeks of balance training resulted in a non-significant trend 
toward improvement in depression, pain, and fear of falling, and only the BSS training group 
demonstrated statistically significant improvement in fatigue.  
In summary, this dissertation work provides evidence that the use of the BSS is feasible, 
safe, and effective in improving balance, gait, and function in individuals with PD. However 
further study with a larger sample size, randomized control design, and biomechanical (force 
plate) data in both groups is required to better understand the role of challenging balance 
training in this population. The findings of this dissertation work have implications about 
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designing future studies with specific intensity of balance exercises needed to make meaningful 
changes in balance, gait and non-motor symptoms of not only the individuals with PD but also in 
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1.1 Definition of Parkinson ’s Disease: 
Parkinson’s Disease (PD) was first described by James Parkinson in 1817, in his essay on 
“Shaking palsy”1. The essay included the characteristics of PD including resting tremors, 
decreased muscle strength, abnormal gait and balance that progressively worsen over time.  
Jean-Martin Charcot further described the disease of PD, explaining the features of rigidity, 
weakness, and bradykinesia. At present, both motor and non-motor symptoms of PD are well 
described in the literature2,3. The main cardinal motor features of PD are tremors, slowness of 
movement, rigidity, and postural instability.  
Tremor is the most prominent symptom of PD defined as rhythmic, oscillatory movements of the 
extremities. As the name implies, a resting tremor appears during rest and vanishes during 
active voluntary movements. PD tremors are usually at rest, ranging between 3 -6 Hz with 
amplitude of 1 -10 cm. A feature of tremor that is “pill rolling” is commonly seen in PD, where the 
patient rubs the thumb against the index finger. Tremors are also seen in the lower extremities, 
jaw and tongue. Tremor are basically classified based on when it occurs, either at rest, during 
an activity or with certain postures 4 Type I is classic parkinsonian tremor at rest, Type II tremor 
is resting and postural and kinetic tremors of different frequencies,  ≥ 1.5 Hz, that occur in  ≤ 
10% of PD patients). Type III are postural  or kinetic tremors, 4 -9 Hz  and Type IV aremono 
symptomatic tremors at rest, similar to classic tremor seen in type I PD and which persists for 
over 2 years)5.  
Bradykinesia is defined as slowness of movement characterized by loss of amplitude and speed 
that causes difficulties with the entire movement process, beginning from planning to initiate 
movement to execution of movements3. The clinical diagnosis of bradykinesia is made by 
observing difficulty in performing quick repetitive movements such as tapping the foot or 
functional activities such as moving from sit to stand3,6. 
Rigidity is defined as increased stiffness and resistance to passive movements of both flexor 
and extensor muscle groups. Rigidity can be uniform resistance (lead pipe type) or ratcheting 
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resistance (cog wheel type)3,7. A combination of tremors and increased muscle tone produces 
cog wheel rigidity in PD. The increased resistance is felt throughout the range of motion and is 
independent of movement velocity. In the initial stages of the disease, rigidity is asymmetrical, 
but progresses to affect the whole body and the ability to move3,7.  
Postural instability is one of the main cardinal features, which leads to impaired balance and 
frequent falls. About 38 - 68% of individuals with PD report at least one fall a year86. 
In addition to motor features mentioned above, several non-motor features are seen commonly 
in PD. Some of the non-motor features such depression and sleep disorders appear before the 
appearance of the motor symptoms. The most common non-motor symptoms of PD are 
depression, pain and fatigue along with other symptoms such as sleep disturbance, sexual 
dysfunction, anxiety and cognitive impairment8,9.  
1.2 Prevalence of Parkinson’s Disease: 
PD is the 2nd most common neurodegenerative disorder of the central nervous system following 
Alzheimer’s Disease, with a male to female ratio of 3:210,11. PD affects approximately 7 -10 
million people around the globe12 and more than 1 million individuals in the USA alone11. 
Although, more common in individuals over 60 years of age, about 5-10% of the cases have a 
young onset, with early diagnosis between 20 -50 years of age7.  
1.3 Risk factors and causes of Parkinson’s disease:  
Although most of the cases are identified as idiopathic with no known specific cause, some of 
the risks and causes have been related to aging, gender, tobacco and caffeine use, 
environment stresses (pesticides, occupation) and/or genetic disposition.  
1.3.1 Age:  
Similar to other neurodegenerative disorders, age is a clear risk factor for PD. The incidence of 
PD increases with age13, which is evident by the fact that only 5.4% individuals under the age of 
50 years are diagnosed with PD, whereas the proportion of individuals diagnosed over the age 
of 65 years is 31.2%. Although earlier research studies reported extremely low prevalence of 
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PD in population under the age of 4014, the newer research reports indicate that incidence of 
young onset of PD (21-49 years) is increasing, with studies currently reporting up to 5-10% of 
overall cases to be young onset of PD7,15,16.  
1.3.2 Gender:  
Epidemiological studies in PD have shown that men are 1.5 -2 times more likely to get PD 
compared to similar aged women17. Studies have reported that the age of onset in women is 
slightly later (2.2 years) than men. However, no gender differences in onset of PD have been 
reported in individuals under the age of 60 years18,19. Higher prevalence rate of Parkinson's PD 
in men could be related to more toxicant exposure, head injuries, neuroprotection in females by 
estrogen, mitochondrial dysfunction, or X linkage of genetic risk factors20.  
1.3.3 Tobacco and caffeine:  
There seems to be inverse relationship between tobacco use and PD21. Interestingly, people 
with more pack-years of smoking have lower risk of developing PD. It is believed that nicotine 
reduces nigrostriatal damage (neuroprotective) and nicotinic receptor drugs improve abnormal 
involuntary movements. Conversely, increased mortality in smokers may save these individuals 
from age related risk for developing PD22. Similar to tobacco, increased coffee consumption was 
associated with decreased risk of developing PD21. Individuals who drink coffee have decreased 
risk of developing PD as compared to non-coffee drinkers21. The protective effect of caffeine is 
associated with the fact that caffeine protects against the damage to dopaminergic neurons22.  
1.3.4 Occupational risk and pesticide exposure: 
Farmers and other individuals associated with agriculture and other rural occupations have 
been reported to have higher risk of developing PD. Although not clear, this could be due to 
frequent exposure to pesticides. People exposed to pesticides are 3 times at risk for PD, and 
the risk varies according to the type of pesticide23. Although there is not enough evidence to 
associate any specific pesticide to development of PD, however a study by Costello et al. found 
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that exposure to Maneb and Paraquat increases the risk of PD especially in younger individuals 
and when exposure occurs in younger ages24. 
Another occupation that has been associated with increased risk for developing PD is welding 
and/or exposure to manganese. However, there is no clear evidence available with some 
studies confirming this association25 and most refuting exposure to welding and maganese and 
its association with development of PD26-28.  
1.3.5 Traumatic brain injury:  
Traumatic brain injury has been related to the development of PD. Goldman et al29 reported that 
the duration of unconsciousness and number of head injuries increased the risk for PD. 
Individuals who are unconscious for more than 5 minutes are at 2 fold increased risk of PD. 
Although unclear, in another study Goldman et al30 indicated that damage to the blood brain 
barrier and subsequent neurotoxic injury or overexpression of proteins might lead to a 
neurodegenerative process.  
1.4 Pathology of Parkinson’s Disease:  
1.4.1 Anatomy:  
The dopaminergic system innervates the basal ganglia. The main pathological hallmark of PD is 
neuronal loss in the substantia nigra (ventral part of pars compacta), which may lead to loss of 
70% of the cells by the time first motor symptoms appear31. The reduction in dopaminergic 
neurons leads to reduction of high affinity dopamine (DA) uptake. The reduction in DA uptake 
forces the DA out of the synapse into the extracellular space which reduces the availability of 
DA resulting in symptoms of PD. 
1.4.2 Pathophysiology:  
Five major pathways connect to the basal ganglia including motor, associative, oculomotor, 
limbic and orbitofrontal pathways. All five pathways are involved in the pathology of PD resulting 
in multiple symptoms including movement problems, and attention and memory deficits. The 
motor pathway has been investigated thoroughly and has been a part of research investigation 
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for quite some time. Since 1980, a conceptual model of motor programming has been created 
with many modifications proposed since. According to this model, the basal ganglia controls 
movement, associative learning, planning of the movement, working memory and emotion. 
Since Parkinson’s is mainly a movement disorder, we will concentrate on the “motor circuit”. The 
basal ganglia primarily consists of a group of nuclei situated at the base of the forebrain. The 
striatum which is composed of caudate and putamen, is the largest nuclear complex of the 
basal ganglia32.  Normally a balance in neuronal activity causes either the facilitation or 
inhibition of movement, which occurs within each nucleus of the basal ganglia (Figure 1). There 
are 2 entry systems to the motor circuitry of basal ganglia: striatum and subthalamic nucleus. 
Output occurs through the globus pallidus pars interna, which connects to the cerebral cortex 
via fibers originating from motor thalamus. Any neuronal activation that produces movement 
activates the basal ganglia via 2 systems, either directly through disynaptic projections to the 
globus pallidus pars interna or indirectly through trisynaptic projections via globus pallidus pars 
externa. Corticospinal afferents inhibit spiny neurons in the indirect circuit, thereby facilitating 
the neurons in the direct circuit in healthy brain. The activity of the globus pallidus pars externa 
is pivotal in regulating the motor output of basal ganglia. Dopamine assists to make small 
adjustments in neuronal activity, which in turn modulates globus pallidus pars interna/externa 
and subthalamic nucleus. Decreased dopamine availability disrupts the normal activity of the 
corticostriatal afferents, which in turn leads to increased activity of the indirect circuit and 
decreased activity of the direct circuit (Figure 2). Although the exact events causing increased 
activity of subthalamic nucleus are not well understood, dopamine is thought to be involved. 
There is a consensus that the death of midbrain dopaminergic neurons and their striatal 
projections is the main cause of developing parkinsonian symptoms. Previous research studies 
suggested reversed trends of pallidal discharge rates following dopamine replacement therapy. 
Additionally, physiological studies in MPTP treated monkeys suggested dopamine depletion 
induces abnormal coupling of basal ganglia loops33. Increased availability of dopamine, as 
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evident by the studies examining the effects of levodopa, improves motor function, which further 
strengthens the pathway explained above.  
1.4.3 Lewy bodies:  
It is believed that abnormal accumulation of alpha synuclein protein and ubiquitin is responsible 
for damaged dopaminergic cells found in PD. These proteins accumulates inside the neurons in 
the form of masses called “Lewy bodies”. These rounded eosinophilic bodies 5 -25 micrometer 
in size are seen in case of neuritis or free in extracellular space34. On structural analysis, Lewy 
bodies are found to have electron dense granular core and a halo on the periphery of radially 
oriented filaments up to 7-8 nanometers. Lewy bodies are not only found in regions of cell loss, 
that is the substantia nigra, but are also found in other areas such as locus coereulus, dorsal 
motor nucleus of vagus, nucleus basalis of meynert, neocortex, diencephalon, spinal cord and 
peripheral autononmic ganglia34.  
1.5 Diagnosis of Parkinson’s Disease:  
The diagnosis of PD is made by neurologist based on clinical symptoms that follow the United 
Kingdom Parkinson Disease Brain Bank Criteria (Appendix 1). Although there are no objective 
tests to clearly identify the disease, brain scans are often used to make proper diagnosis. 
According to United Kingdom Parkinson Disease Brain Bank Criteria, presence of bradykinesia 
and either rigidity, resting tremor or postural instability are indicative of PD35. However, there are 
other causes of these symptoms that can rule out diagnosis of PD.  
About 75-90% of the neurologists who specialize in management of PD accurately diagnose the 
condition 3. Additionally, dopamine function can be measured with positron emission 
tomography (PET) and single photon emission computed tomography (SPECT) radiotracers. 
These imaging methods can detect decreased dopamine activity in the basal ganglia seen in 
PD and assist with diagnosis36. Upon diagnosis, patients are staged according to the Hoehn and 
Yahr scale. The Hoehn and Yahr Scale was developed in 1967, prior to knowledge about 
levodopa. It is a simple and descriptive staging scale that provides an estimate of clinical 
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function in PD patients. The scale has 1 -5 stages (Appendix II) and is based on two concepts, 
the severity in PD related to bilateral limb involvement and balance problems. A recently 
modified Hoehn and Yahr scale was introduced to minimize discrepancy in staging the symptom 
severity. The modified version included 2 additional stages, 1.5 and 2.5 to the initial 1-5 staging 
criteria. These added stages provide additional steps for categorizing severity of PD and 
accurate matching of the stage of severity with actual symptoms37.  
1.6 Overview 
Postural instability (PI) is one of the most disabling symptoms of PD that worsens as the 
disease progresses causing increased gait abnormalities and falls during middle to late stages 
of the disease 38. The cardinal features of PD including resting tremors, rigidity, bradykinesia 
and postural instability are primarily associated with loss of dopaminergic neurons from the 
substantia nigra leading to impaired basal ganglia thalamo-cortical pathway activity.  PI leads to 
disability and poor quality of life. PI correlates strongly with falls and increased fear of falling, 
which further deteriorates the quality of life. Isolated and recurrent falls occur quite frequently in 
individuals with PD.  Between 35 – 90% of patients with PD report falling once and about 18-
65% patients fall more than once in 2 year period. In the US, more than $23,000 per person with 
PD is spent annually on healthcare, which is more than double that for similar aged healthy 
individuals.. Medical management with dopaminergic medications helps in improving postural 
instability in the early stages, but potency effects tend to decrease as the disease progresses. 
Surgical options according to eligibility criteria determined by neurologists are limited to a small 
proportion of patients, have shown to provide modest improvements in postural instability. 
Whereas, studies focusing on different modes of exercise training including aerobic exercise, 
strengthening, balance training/exercise or non- traditional forms of exercise such as Tai-chi, 
Yoga and Qigong have shown promising results for improving balance and postural instability at 
all stages of the disease. Animal studies have shown that exercise is useful in delaying the 
onset of symptoms in PD39. Exercise in PD stimulates the production of dopamine in the healthy 
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dopaminergic cells, which causes improvement in motor as well as non-motor symptoms of the 
disease. Fox et al. suggested that challenging and complex exercises improve dopamine 
production and promote learning of motor tasks, if implemented during the early stages of PD40. 
Recent studies identified that physical therapy, which includes balance challenging exercises 
help improve postural instability and reduce the risk of falls.  
1.7 Human Posture and Gait:  
1.7.1 Postural control:  
Postural control is an important determinant of stability in various positions such as sitting and 
standing. Human beings have a unique ability to control posture while walking and performing 
various activities of daily living. The ability to stand up straight is compromised during activities 
of daily living, due to a smaller base of support of bipedal stance.  
Walking becomes even more challenging due to the changing environment around the person 
such as various walking surfaces, stairs and inclines. In order to maintain upright position and 
carry out everyday activities, the human body withstands forces of gravity and other external 
forces. Two postural control mechanisms have been reported41, one which controls orientation, 
minimizing the muscular activity required to stabilize the joints against gravity and second that 
works on maintaining stabilization (equilibrium) via keeping the body’s center of mass (CoM) 
within the base of support. These two postural control mechanisms work in parallel to each 
other to execute movement42. Three processes of the central nervous system are utilized for 
movement execution: 1) sensory organization, which includes vestibular, visual and 
somatosensory systems,  2) neuromuscular response and 3) muscle tone43.  
 
1.7.2 Sensory organization:  
It is well evident that postural control is dependent on information provided by vestibular, 
somatosensory and visual systems44. The somatosensory system controls posture via 
proprioceptive input from muscle spindles, joints and cutaneous receptors. To maintain quiet, 
10 
 
erect stance and carry out daily tasks, human beings rely on proprioceptive and cutaneous 
information. The central nervous system processes the afferent information and integrates the 
information at various levels resulting in efferent processing for coordinated firing of multiple 
alpha motor neurons and related muscle fibers. This afferent information processing occurs at  
spinal cord level and is sent higher up to subcortical or cortical areas for further refinement for 
voluntary movements45.  
Muscle spindles are important for proprioception. These stretch sensitive mechanoreceptors 
provide information about muscle length and speed of contraction to the central nervous 
system, thus allowing the individual to discern between joint movement and joint position sense. 
Additionally, muscle spindles provide afferent information that translates into reflexive as well as 
voluntary movements.  
Golgi tendon organs also aids in proprioception. Golgi tendon organs (GTO) in the muscle 
tendon are sensitive to very minute changes and relay information about the changes in tensile 
forces caused by active contraction or passive stretching. Activation of GTO results in turn 
inhibits activity of the alpha motor neurons, resulting in decreased tension of the corresponding 
muscle and the tendon.  
Vestibular system is composed of two types of organs: semicircular canals and the otoliths. 
Semicircular canals are filled with fluid and detect the angular velocity of the head. Otoliths are 
present on the hair cells and work as linear accelerometers. These two organs together detect 
the position and motion of the head. The vestibular system is very unique in its multisensory and 
multimodal working. For example, the vestibular system interacts with proprioceptive system 
and corollary discharge, which allows CNS to distinguish between active and passive head 
movements. Both the visual and proprioceptive pathways work also together with vestibular 
system throughout the central vestibular pathways in order to control gaze and posture. Afferent 
input is received by premotor and second order neurons in the brain stem and is relayed to 
motor neurons, making it a streamlined circuitry for shorter latencies. Some simple pathways 
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also facilitate the vestibular spinal reflexes that are necessary for maintaining posture and 
balance. The interaction of multisensory and multimodal systems is vital for some higher 
functions such as self-motion perception and orientation in space and is basically due to 
inherent complexity46.  The visual system, is considered the primary system responsible for 
balance47 has 3 components: the central system, ambient and retinal slip. The central visual 
system controls the target motion perception and target recognition, whereas ambient or 
peripheral vision is concerned with movement and is believed to dominate both self-motion 
perception and postural control. The retinal slip, which is a part of afferent motion perception is 
concerned with the person’s displacement and provides feedback for compensatory sway. 
Several research studies48 have shown that young adults rely on vision for postural control, 
which strengthens the fact that vision is very important for postural control. However, it is 
important to note that one can stand upright in the dark or individuals with impaired vision as 
well.  
In addition to central processes, it should be noted that peripheral vision plays an 
important role in maintaining a stable stance. A study by Berensci et. al49. showed decreases in 
postural sway due to over-stimulation of peripheral visual field. This study explained that 
peripheral vision can be used for visual stabilization of spontaneous or visually induced body 
sway to control posture.  
1.7.3 Mechanism of postural adjustments 
Feedback and feedforward are the two types of postural control mechanisms utilized by humans  
to maintain balance50.  The type of postural task determines the response elicited. Several 
studies have documented that feedback postural adjustment occurs following unexpected 
perturbation. When a person is displaced from one position, an opposite postural response 
moves the center of mass (CoM)  back within the base of support51. Postural responses occur 
due to somatosensory feedback from the legs and feet52,53. Several studies have examined the 
compensatory strategies used by the CNS to regain stable position following perturbation54. The 
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CNS integrates information from various receptors and pathways, to coordinate firing of alpha 
motor neurons and the corresponding fibers45. This eventually initiates stretch signals from the 
muscles to the spinal cord and cross-neural connections returning to the muscles and resulting 
in muscle contraction. This mechanism has shorter latency, which does not necessarily affect 
posture but it affects some simple behaviors55. The next important level of feedback for balance 
involves signals ascending to the midbrain. The brainstem acts as a communication and 
assimilation center, which receives and sends a large number of sensory and motor signals. 
Longer conduction paths and a large number of neural synapses, which result in longer 
latencies than spinal reflexes, is a characteristic feature of mid-level feedback loop. However, 
accumulation of large numbers of signals and complex connections allows generation of 
complex automatic movements by the brainstem. The brainstem is modulated by higher CNS 
levels, and it modulates behavior of spinal reflexes. Finally, signals from the cerebral cortex 
result in highly complex voluntary movements with much longer latency time than the other two 
mechanisms (spinal and brain stem) mentioned above56. In everyday life, during activities where 
the CoM moves away from the stable position, postural adjustments must occur prior to the 
movement execution. To move from one stable position to the other, the CNS uses feedforward 
model and executes signals to the postural muscles to stabilize the body, within the base of 
support56.  
1.7.4 Mechanisms of gait control: 
One of the main features of gait and locomotion in humans is the inter-limb coordination. Neural 
circuits in the spinal cord generate impulses, which control upper and lower limb activities57. It is 
believed that a flexible coordination between thoracolumbar and cervical neural mechanisms 
allows skilled movements and loco-motor activities. This flexible coordination between 
thoracolumbar and cervical neural mechanisms signifies a functional task dependent control of 
neuronal pathways in neural circuits controlling upper and lower extremity muscles during 
walking. Coordination of muscle activation between both legs ensures the regulation of 
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locomotion. This inter-limb coordination is in accordance with central pattern generators as well 
as the half center model proposed by Dietz et al57i that indicates upper and lower extremities act 
differently during gait57. According to the half center model, the neuronal circuits that are 
responsible for coordination of flexor activity on both sides during swing phase (flexor half 
centers) mutually inhibit one another. On the other hand extensor half centers have no mutual 
inhibition, as evident in stance phase where extensors on both sides are working simultaneously 
to allow standing. Similar inter-limb coordination is also seen in upper extremities during 
walking58, which implicates similar control mechanisms in both upper and lower extremities58. A 
functional magnetic resonance imaging study indicated that inter-limb coordination is controlled 
by the supplementary motor area59.  
1.8 Pathophysiology relevant to posture and gait problems in Parkinson’s Disease: 
1.8.1 Postural abnormalities:  
Previous studies indicated that both components of postural control; orientation and stability are 
impaired in PD42,60. Several studies have focused on postural instability in individuals with PD 
since it leads to impaired balance, impaired gait, frequent falls and poorer quality of life.  
1.8.2 Axial orientation as a cause of postural instability: 
Postural orientation in the form of a stooped posture is one of the main abnormalities seen in 
PD. The other common postural abnormalities seen in PD are Pisa syndrome61, tilt of the trunk 
in the lateral plane and captoconia62, abnormal posture of trunk in antero-posterior (AP) plane 
with marked flexion of thoracolumbar spine. Animal studies have shown that lesions in 
substantia nigra result in forced rotations in rats as assessed by unilateral 6-hydroxydopamine 
lesions of the ascending dopaminergic neurons 63. Additionally, lesions of the single caudate 
nucleus affect the orientation of the body opposite to the side of lesion. These results indicate 
the importance of substantia nigra and basal ganglia in axial orientation. A recent study42 
reported impaired proprioceptive stimulation leads to postural abnormality in PD. A study by 
Vaugoyeau et. al. indicated that if slow perturbations below the semicircular canal threshold are 
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delivered to young healthy individuals standing on a platform, the individuals tend to stay 
vertical, even in the absence of vestibular and visual feedback64. This suggests that 
proprioceptive feedback is the main system that controls posture in semi static conditions, and 
the vestibular system only contributes to large amplitude perturbations. In a following 
experiment, authors found that individuals with PD had increased trouble in maintaining vertical 
position than the healthy controls in the absence of visual and vestibular feedback64.  
1.8.3 Postural instability in PD: 
Postural becomes a major concern during middle to late stages of PD3. Postural instability 
results in change of postural strategies during unexpected and expected voluntary 
destabilization conditions65. Since it is difficult to treat, postural instability becomes a major 
concern leading to frequent falls66. Although postural instability in PD is not well understood; it is 
believed that several neural levels are involved. Pathophysiological studies in PD suggested 
abnormalities exist in processing circuits from visual, vestibular and proprioceptive systems. The 
abnormal postural strategies during the destabilizing conditions leads to postural instability43, 
which involve both feedforward and feedback reactions67,68. Individuals with PD have normal 
timing and excessive muscle activity in destabilizing conditions, suggesting that people with PD 
do not lose global proprioception69. However, kinesthetic changes were shown to correlate with 
the affected side according to severity of the disease and UPDRS. Since the BG are 
responsible for perception of movement and its direction and proprioception plays an important 
role in control of postural reactions due to unexpected perturbations. It is suggested that 
kinesthetic problems may cause problems with postural responses to counteract external 
perturbations leading to postural instability. Dopamine deficiency causes worsening of 
kinesthetic abnormalities70 but not postural reactions71, which suggest that kinesthetic deficits 
may be partially responsible for postural instability in PD.   
Deep brain stimulation surgery results in subtle improvements in kinesthesia72 but not during 
postural reactions73, further strengthening the argument that kinesthesia may not be responsible 
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for postural instability in PD. Postural instability in PD is also evident by the presence of 
retropulsion (pushing backwards). Horak et. al74 reported that stability margins were smallest in 
the backward direction both with narrow and wide stance. The decreased stability margin was 
due to slower rise and smaller peak of center of pressure (CoP) in PD patients. Effects of PD on 
postural sway measures remain a matter of debate, with studies reporting either increase75, 
decrease43 or no difference68,76 between individuals with PD and healthy controls.  
Previous studies have suggested that impairment in sensory inputs could contribute to postural 
instability. Kitamura et al77 suggested that in the absence of visual feedback, CoP shifted 
backwards significantly as compared to forward shift in age matched controls. This supports the 
concept that impaired visual feedback contributes to impaired upright posture.  
Similarly individuals with PD resulted in abnormally increased postural responses 
caused by slow perturbation visual environment78. Vangoyeau et al44 suggested that increased 
vision dependence in PD is considered as a compensatory strategy for impaired proprioception. 
However with progression of the disease, the ability to use compensatory sensory feedback with 
visual sensory feedback may not provide adequate compensation with increased proprioceptive 
deficits. Additionally, postural instability in PD is not related to dopamine deficiency79. Previous 
studies have shown that dopaminergic medications result in limited improvement73 in velocity of 
postural transitions and automatic postural responses.  
1.8.4 Gait problems in Parkinson’s Disease: 
Dopamine deficiency in PD has been associated with increased neuronal activity in the basal 
ganglia80. Increased activity in basal ganglia with increased output from globus pallidus pars 
interna via indirect loop that inhibits thalamo-cortical circuitry, leads to movement deficiency 
(Figure 2)80. Increased basal ganglia output inhibits brainstem initiated movements. Other motor 
abnormalities such as simultaneous movements, sequencing of movements, and reduction in 
amplitude have not been linked directly to pathophysiology of basal ganglia80. However, 
decreased leg extensor muscle activity and poor balance due to impaired proprioception and 
16 
 
deficits in neuronal coordination of upper and lower limbs have been linked to gait problems81. 
Gait problems in PD are present in many forms such as initial movement hesitation, freezing 
and festination.  
Due to delay in phasic firing from the globus pallidus to the cortex, gait speed decreases. 
Furthermore, freezing of gait occurs if phasic firing becomes slower or is completely absent. 
Freezing of gait is defined as a brief, episodic absence or marked decline in forward progression 
of legs, leading to no movement. Festination is described as rapid, small steps in order to keep 
the CoG in between the feet that results in reduced gait speed82, has been shown to be related 
to impaired movement cues from the globus pallidus83. Another alteration which occurs in gait is 
slowness (hypokinesia). The major contributor to gait problems in PD is the reduced amplitude 
of movement leading to decreased stride length (Morris 1994). A shortened stride length can be 
linked to other gait abnormalities such as decreased walking speed, increased cadence and 
double limb support time. All these gait problems lead to increased fall risk in PD84.  
1.9 Falls in Parkinson’s Disease: 
It has been shown that postural instability in PD leads to frequent unexpected falls66,85,86  
During everyday activities, balance is continuously challenged by external perturbations, 
different support surfaces and environment49. The impaired balance and postural instability is 
more evident during transitioning from one position to another and walking in an attempt to 
maintain upright stance and stability. A fall is “an unexpected involuntary event that results in 
body coming to rest on the ground, and is not caused by any major intrinsic feedback87 “. 
Another phenomenon, which has been described in several studies is “near falls”88, which is the 
feeling that an individual senses that s/he is about to lose their balance but is not associated 
with a real fall. 
1.9.1 Epidemiology of falls in PD 
Falls in PD lead to serious injuries including fractures and head injuries89. Bloem et al90 
suggested that individuals with PD are 9 times more susceptible to falls than the age matched 
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controls. Several prospective studies examined fall incidence rates90-93 in ambulatory individuals 
with PD, who had no other obvious causes of falls. The results showed that approximately 70% 
of individuals with PD reported at least one fall a year94. Another study95 that included a large 
sample (n=350) of PD patients reported that 46% of subjects fell once a week and 33% fell at 
least twice or more often in a week. A 20 year multicenter study96 found that 87% of the PD 
patients experienced falls and about 35% sustained fall related injuries. Hip fractures caused by 
PD leads to high mortality and morbidity. Fall related injuries are the most common cause of 
hospital admissions in individuals with PD92. 
1.9.2 Pathogenesis of falls in Parkinson’s Disease:  
It is well established that postural instability is one of the main causes of falls in PD. Walking 
and postural instability are not only regulated by higher subcortical mechanisms but also involve 
attentional mechanisms97. Under particular conditions, gait and stability requires extra 
attentional resources. For instance during multi-tasking, individuals with PD demonstrate 
increased postural instability, which increases their risk of falls98. When CoM is displaced out 
towards the limits of stability, which happens during everyday activities such as sit to stand 
transitions as well as walking, stepping strategies are used to prevent falls. Recently, studies in 
PD have shown that patients have difficulty in initiating compensatory stepping99, more 
specifically towards lateral direction100. 
1.9.3 Biomechanical changes in CoP in Parkinson’s Disease 
Poor balance is one of the main risk factors associated with falling in PD60,91,101-103. Force 
platform measurements have been used widely to assess changes in balance during quiet 
standing with eyes open (EO) and eyes closed (EC). The effects of normal aging superimpose 
the effects of disease pathology, as well as the treatment in PD. The effects of PD on postural 
sway appear unclear, with few studies reporting either increase75, decrease43, or no 
differences68,76. To date, several studies incorporated measures to evaluate changes in CoP. 
Antero-posterior (AP) and medio-lateral (ML) CoP path lengths have been used to assess 
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differences in balance between PD individuals and healthy controls. Few studies have reported 
significant differences in the AP and ML path length in individuals with PD as compared to 
healthy controls74,104,105.  
In 1991, Schieppati and Nardone68 evaluated CoP in individuals with PD using CoP position, 
sway area, and path length in quiet standing with EO and EC. They found that the mean CoP 
was significantly shifted toward forward directions in PD subjects as compared to healthy 
controls. Similarly, Blaszczyk in 2007 found that the shifted mean CoP was sensitive to visual 
conditions68. These results support the argument related that stability is reduced in anterior 
direction in PD. 
Recent studies provide some insight into the changes in sway measures and its relationship 
with the postural instability in PD patients. Although some studies examined these sway 
measures in PD as compared to healthy individuals, most failed to report definite conclusions. 
One study focused on the assessment of PI in the absence of visual feedback comparing 55 
individuals with diagnosis of PD  (Stages I – III of H& Y stage) and aged 64.6 ± 8.9 years to a 
group of age matched healthy control individuals with mean age of 64.3 ± 7.9 years75. They 
tested the participants in 2 different conditions, EO and EC. The results of this study showed 
significant differences in the measures of sway area, sway range in AP and ML, and path length 
in both AP and ML directions between the PD group and the control group in eyes closed 
condition.  
Excluding visual output showed greater impairment in the PD group as opposed to the control 
group; however, these changes might not reflect the severity of postural instability. This study75 
however, showed that mean CoP displacement is specifically greater in individuals with PD as 
compared to control group. These findings were different from the previous studies that reported 
no significant difference in the mean CoP displacement between the PD and control groups76. 
Similarly, several other studies support the evidence that increased postural instability in PD is 
an indicator of increased fall risk106,107 In light of the aforementioned information, it is important 
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to evaluate the effectiveness of exercise trials in individuals with PD to monitor the 
improvements in CoP parameters, which are directly related to postural instability in this 
population. Postural instability is a strong determinant of perceived disability in individuals with 
PD and is a leading cause of morbidity and mortality in this population. These studies suggest 
that balance and fear of falling measures are important factors for the efficacy of rehabilitation in 
this population.  
1.10  Fear of falling:   
The progression of PD is associated with fear of falling65. Fear of falling can be more disabling 
than a fall108 and is experienced during daily activities, which results in loss of mobility109-112 in 
addition to other negative consequences such as weakness, osteoporosis and cardiovascular 
problems96. Limited studies in PD have examined fear of falling, despite the fact that increased 
fear of falling70,76 leads to decreased physical activity65,90,113-115 and poor quality of life. Few 
studies report that individuals with PD have decreased confidence in performing daily 
activities65,115-117.  
1.11 Other non-motor symptoms of Parkinson’s Disease 
Non-motor symptoms (NMS) are an integral part of the Parkinson’s disease symptomatology, 
and in fact are present much earlier during the course of the disease. Despite the presence of 
and their impact, NMS are are often overlooked in the presence of major motor symptoms. 
Depression, anxiety and fatigue were undiagnosed by the neurologists in more than 50% of the 
cases of PD118. Recent studies reported links between dopaminergic systems and the 
hippocampus, which could partly explain the pathophysiology of non-motor symptoms such as 
fatigue119. Several studies have reported the presence of fatigue in PD at higher rate than 
healthy individuals120-124.  About 33 – 58% of individuals with PD report fatigue. One third of the 
individuals diagnosed with PD125 recognize fatigue as one of the most disabling symptoms and 
about 67%125 report that fatigue in PD is qualitatively different from the fatigue they experienced 
long before they were diagnosed. The pathophysiology of central fatigue in PD is largely 
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unknown; however the concept of primary and secondary fatigue hold true for individuals with 
PD. Fatigue has been associated with depression and other comorbidities. On the contrary, 
fatigue has also been reported in PD patients without depression. A feedback loop described by 
Convington et al.126  suggested that presence of depression, fatigue, pain, inactivity and 
deconditioning act together resulting in disability. Research studies using trancranial magnetic 
stimulation demonstrated that physical fatigue causes cortico-motoneuron excitability in normal 
healthy individuals as well as individuals with PD127,128. Additionally, a study by Lou et al129 
found that PD patients had increased motor evoked potential amplitudes and prominent post 
exercise facilitation as compared to controls following a fatiguing exercise. However, following 
administration of levodopa, these differences disappeared, which suggests that fatigue in PD 
may be caused by abnormal corticomotor neuron excitability.  
Depression is widely reported in PD populations and has a large impact on the prognosis of the 
disease. The presence of depression is known to affect motor function, functional level and 
quality of life in this population130, but sadly it still goes untreated and undiagnosed. The 
prevalence of depression varies between 4 - 90%131, with at least 30-50%132,133 reporting 
significant fatigue. PD affects limbic and cortical regions in addition to structures responsible for 
motor functions. The nor-adrenergic locus coerulus and raphe neurons degenerate in PD. 
Additional dopaminergic neurons of substantia nigra as well as ventral tegmental area are 
affected134. A study indicated increased loss of dopaminergic neurons and nor-adrenaline 
transporter in locus coerulus and limbic system in individuals with depression as compared to 
non-depressed patients in PD135. Additionally, serotonin transporters have been reported to be 
markedly decreased in brain in advanced stages of PD. Exercise has been reported to have 
beneficial effects on both motor and non-motor symptoms of PD. A few studies have reported 
either a decrease136 or no change137 in depression following an exercise training in individuals 
with PD.  
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Pain is one of the major NMS, which is reported by as many as 80% of patients with PD138,139. A 
cause of disability and pain in PD is overlooked and underdiagnosed140;  a recent review study 
on practice guidelines from the  American Academy of Neurology did not include pain in their 
report141. The various subtypes of pain reported in PD are musculoskeletal, dystonic, 
neuropathic and central pain. Although not well understood, clinical studies suggested that 
cortical-basal ganglia-thalamic circuit is involved in pain142. Data from an fMRI study showed 
increased cerebral blood flow indicates increased pain induced cortical activation in the “off” 
levodopa state as compared to “on” state in individuals with PD143. Although exercise has been 
shown to be beneficial on many motor and NMS of PD, the effects of exercise on pain have not 
been reported. One study144 reported improvement in pain following flexibility and relaxation, 
walking and Nordic walking training. Alternative therapies like massage therapy145 and 
acupuncture146,147 reported significant reduction in pain and stiffness.     
1.12 Motor function measures in Parkinson’s Disease:  
In the last few decades, several biomechanical pieces of equipment like force plates, Gaitmat, 
and Biodex as well as clinical scales have been developed and validated to evaluate motor 
deficits in PD. Other scales have been designed to evaluate the impact of motor symptoms on 
the fear of falling, activities of daily living and quality of life. All these measures have been 
extensively used to evaluate the effectiveness of exercise on patients with PD.  
1.12.1 Biomechanical instrumental methods 
1.12.1a Posturography using force plates 
One of the main and sensitive instrumental methods to measure postural sway is static 
posturography. The participants are instructed to stand on force plates and asked to stand 
upright with shoulders level, arms on the sides, eyes open looking straight ahead, with feet 
shoulder-width apart. The vertical ground reaction forces under each foot are used to calculate 
CoP for both left and right foot and the overall center pressure by combined measurements from 
both sides. The CoP is vertical representation of CoM, which reflects the postural sway. As 
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required by any particular protocol, the participants can be instructed to stand either with eyes 
open or closed, to help distinguish the effects of vision on postural sway. Additionally balance in 
steady standing can be evaluated by testing the participant’s ability to maintain different 
positions. Patients can also be instructed to stand in a variety of standing positions such as feet 
shoulder-width apart, feet together, stride stance and tandem stance148. 
1.12.1b GaitMat II System:  
GaitMat II is an instrumented walkway, which has been widely used to collect spatio-temporal 
gait data149-152. Foot activated switches are embedded throughout the length of the walkway 
sending output to a computer thatprovides analyzed data on 9 different spatio-temporal 
parameters: walking speed, step length, step time, swing time, stance time, and double support 
time. The GaitMat II is 3.87 meter long, 0.75 meter wide and 0.03 meter thick. There are 40 
rows and 256 columns of pressure sensitive switches arranged in a 2 dimensional (1 cm × 1 
cm) grid. These pressure sensitive switches scan the pressure information every as the subject 
walks on the mat.  
1.12.2   Functional Balance Tests 
1.12.2a   Berg Balance Scale 
The BBS is a 14-item test, with each item scored from 0 to 4, developed to measure static and 
dynamic standing balance.  A perfect score of 56 on the Berg Balance Scale (BBS) can be 
considered a reference standard for assessing balance in people with PD. BBS is one of the 
most commonly used balance assessment tools in the clinic and in research laboratories. The 
internal consistency of the BBS lies between moderate to high, ranging from .85 to .98. A score 
of 41-56 represents low, 21-40 represents medium and 0 - 20 represents high fall risk and a 
change of 5 points is considered clinically meaningful change. A standard procedure is used to 
administer this test. The equipment needed for this assessment includes a stopwatch, two 
chairs (one with and one without arms), a stepstool and a ruler or yardstick. This test takes no 
more than 15 minutes to complete. 
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1.12.2b Timed Up and Go Test (TUG): 
The TUG is a quick measure of dynamic balance and mobility. The scores are reported in 
seconds. The test involves standing from a chair, walking 3 meters, and walking back to sit 
down. The equipment needed for the test is a chair, a bright colored cone, and a stopwatch. A 
clinically meaningful change between 2-5 second has been reported in individuals with PD 153.  
1.12.2c Six Minute Walk Test (6MWT): 
The 6MWT assesses endurance by measuring the distance walked in 6 minutes. The test is 
conducted in a long corridor usually 18 meters long, and the participants are asked to walk back 
and forth in the corridor continuously for 6 minutes. The equipment needed for the test is 4 
chairs in case the participant wants to sit and rest during the test, one at the each end and one 
at 6 meters and one at 12 meters. A tape measure and two bright colored cones and movable 
measuring meter are required for the testing. The test usually takes 6-10 minutes154,155 
1.12.2d Survey of Activities and Fear of Falling in Elderly (SAFFE): 
SAFFE is an 11 item scale114, which includes tasks of activities of daily living  (ADL) and 
instrumental activities of daily living (IADL) (e.g., taking a tub bath or shower), mobility (such as 
in walking for exercise) and social life (such as visiting family or friends). Each question is 
followed by a series of questions such as (a) “Do you currently do an activity?” (b) “When you 
do the activity, how worried are you that you might fall?” (c) “If you don’t do the activity, do you 
not do the activity because you are worried?’ SAFFE indicates fear of falling and level of activity, 
which is measured on (0 – 4) Likert scale, with higher scores indicating increased fear of falling. 
An internal consistency of 0.7 has been reported for SAFFE156.  
1.12.2e Forward Reach Test (FRT): 
FRT is a dynamic standing balance task157, which measures the maximum distance that an 
individual can reach forward with a fully extended arm during a fixed base of support. The 
individuals are asked to stand with their dominant side close to the wall without touching the 
wall, with their feet 10 cm apart. The patient is required to raise the arm, with shoulder in 90 
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degrees of flexion with the outstretched hand. The patient is asked to reach as far as possible 
forward without bending the knees and without losing the balance. The difference between the 
starting and final position is measured using a tape measure. FRT has been shown to have 
good reliability and validity and has been used as an outcome measure for PD158. 
1.12.3 Clinical tests for Parkinson’s Disease: 
1.12.3a Unified Parkinson’s Disease Rating Scale (UPDRS):  
The UPDRS is a gold standard instrument used to measure disease severity in PD 159. It is a 
comprehensive, efficient and flexible scale to assess disability and impairment in PD. The scale 
has 4 components: Part I – motivation, behavior and mood, Part II – self-evaluation of the 
activities of daily living (ADL’s), Part III – clinician scored motor evaluation, and Part IV – 
complications of therapy. The average time to administer the test is about 15 - 20 minutes. 
Sections I, II and IV are self-report whereas section III is administered by a trained clinician. 
Each question in sections I-III is based on a 0-4 scale, where 0 means minimal or no loss and 4 
means severe loss.  
1.12.4 Tests to assess non-motor symptoms of Parkinson’s Disease 
 1.12.4a Geriatric Depression Scale (GDS):  
The Geriatric Depression Scale is the most common self-rating depression scale in geriatric 
population. GDS comprises of 30 questions in yes/no format160. GDS have been extensively 
used to assess the severity of depression in elderly individuals, as well as individuals with PD. 
In a large sample (n = 109) non-demented PD patients, it was established that GDS has high 
sensitivity (0.78), specificity (0.85) and validity161.  
1.12.4b Fatigue Severity Scale (FSS): 
FSS is a self-administered 9-item questionnaire162, which has been commonly used in geriatric 
population and more specifically in Parkinson’s163,164. All 9 questions on the FSS are rated on a 
7 point Likert scale, where higher scores indicate higher levels of fatigue. High consistency, 
reliability and validity has been reported for FSS165 in PD.  
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1.12.4c Numeric Rating Pain Scale (NRS): 
Numeric Pain Scale is a scale to measure pain intensity at a numeric scale of 0 – 10, where 0 
means no pain and 10 means unbearable pain. Numeric pain rating scale is sensitive, reliable 
and simple to use where higher scores mean greater pain166. The NPS is administered verbally 
or graphically for self-completion.  
1.12.4d Brief Pain Inventory – Short Form:  
Brief Pain Inventory was originally developed to assess pain in cancer patients. It has been 
validated in non-cancer populations. There are 2 versions of BPI, a short form and a long form. 
BPI short form is the most commonly used clinical pain measure, which includes items to 
measure pain severity, interference of pain on activities of daily living, body diagrams to indicate 
location of pain, questions about pain medication and a visual analogue scale to assess the 
degree of pain over the last 24 hours. For 4 questions patient responds on 0 – 10 numeric 
scale, where 0 = “no pain” and 10 = “severe imaginable pain”. The pain interference scale 
assesses the interference of pain with everyday activities and again is answered on a 0 -10 
rating scale, where 0 = “does not interfere” and 10 = “interfere completely”. Higher scores 
indicate higher levels of pain and impact on other activities.167 
1.12.4e Parkinson’s Disease Quality of Life (PDQ39): 
Quality of life (QOL) is defined as an individual’s insight of their position in life in the context of 
culture, value systems and in relation to their standards, expectations, goals, beliefs and 
concerns163. The health related QOL is an extension of the QOL, which accounts for physical 
well-being, emotional integrity and cognition. PD is a complex disorder, which significantly 
affects QOL. Previous research studies have identified several factors such as falls168,169 , 
functional ability170-172, postural instability 169,173, gait abnormality169,172,174 pain171 and fatigue171,174 
as the predictors of poor QOL in individuals with PD. Additionally, fear of falling, which is 
significantly higher in individuals with PD adds to the balance problem 175, which again 
adversely affects the QOL. A systematic review conducted by Goodwin et.al 176 identified that 
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exercise interventions including combined balance and strength, aerobic training, Qigong and 
physical therapy are likely to improve health-related QOL. Since only a few studies have 
investigated changes in QOL following exercise intervention and the detrimental effects of 
changes in balance, gait abnormality and functional status on the QOL, further investigation is 
warranted to determine whether the balance specific intervention affects the QOL in these 
individuals. 
1.13  Rehabilitation of postural instability and gait problems in Parkinson’s Disease 
1.13.1 Introduction to Rehabilitation of Postural Instability  
Despite the modern advances in medical and surgical management in PD, limited 
improvements in PI have been reported73,79. Therefore, alternative treatment methods such as 
physical therapy is often recommended as an adjunct177,178 to medical and surgical 
management. Present literature revealed that there is a large disparity between the 
interventions used in PD. A Cochrane review92,93 on management of individuals with PD 
supported the fact that there is insufficient evidence to support the efficacy of one particular 
exercise intervention. In particular, few recent studies assessed the effects of specific exercise 
interventions on postural instability in PD. Many different rehabilitation interventions86,109,179-183 
with varied dosage and outcome measures were utilized to treat motor as well as non-motor 
symptoms of PD. The various interventions that have been used include exercises to improve 
sensory integration, strength, and balance, either through regular physical therapy, home based 
exercises, yoga, tai-chi, qigong, or treadmill training. Several studies have reported promising 
results and demonstrated that exercise training specific to balance can help improve PI in 
individuals with PD (TABLE 1 and 2). 
1.13.2   Exercise interventions in Parkinson’s Disease: Literature review 
Exercise has been shown to slow disease progression and improve the motor impairments 
caused by PD. Several exercise interventions have focused on balance impairment in PD. 
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Traditional physical therapy exercises have been used in various intervention studies, which 
include balance training, treadmill training, whole body vibrations and resistance training.  
Table 1 presents a summary of various exercise interventions including general physiotherapy 
exercises, treadmill training, cueing, dance, and martial arts in individuals with PD. The various 
outcome measures which were included in these trials included measures of balance and 
functional mobility such as Timed Up and Go Test, Functional Reach Test, Berg Balance Scale 
Test; activity specific balance confidence scales;  fall measures like the number of falls and 
Falls Efficacy Scale; clinician rated impairment and disability scales such as Hoehn and Yahr 
scale, Unified Parkinson’s Disease Rating Scale, Webster rating scale, and Columbia University 
Rating Scale, measures of gait like the 2 or 6 minute walk test, 10 or 20 meter walk test, 
cadence, stride length, step length, freezing of gait; and patient rated quality of life measures 
such as PD questionnaire (PDQ39) and PD specific health related quality of life questionnaire. 
The results of the interventions are also compiled in table 1. Most of these trials examined short 
term effects of the therapy. In general, the exercise interventions used in these research studies 
are widely varied in terms of intensity and duration and type of exercises used. The exercise 
sessions lasted anywhere between 30 - 60 minutes, 2-4 times a week for up to 4-24 weeks. 
Most of these studies reported significant improvements in measures of balance, measures of 
falls, clinician rated impairment and disability scales, and measures of gait and patient rated 
quality of life. Although, these studies provided first- hand evidence of the efficacy of these 
exercises in PD, none have used more sensitive objective biomechanical measures such as 
sway of CoP as assessed by sway area, CoP path length in ML or AP. Cross-sectional studies 
using biomechanical sway measures reported significant increase in sway area, path length in 
ML and AP in individuals with PD as compared to healthy controls. ML sway has been reported 
to be a better predictor of falls in PD. Additionally, it has been suggested that these 
biomechanical measures are more sensitive than the clinical measures of balance. Evidence 
from the literature review suggests that there is a scarcity of research studies which specifically 
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focused on balance and gait outcomes. Moreover, most of the exercise intervention where 
outcomes related to balance and gait were tested used a combination of exercise treatments, 
which makes it difficult to conclude which intervention would be more beneficial for individuals at 
risk of falls or the ones who experienced falls in PD. More research studies, which include more 
specific and feasible interventions using more sensitive biomechanical measures as outcomes 
would help clinicians design exercise programs, which could be tailored to the needs of 
individuals with PD.  
One of the earlier studies analyzed the effects of balance intervention in individuals with 
PD with and without a tendency to fall184. They enrolled 40 individuals with PD (stage III of H & 
Y scale) and 20 healthy controls. Physical therapy was provided for 30 days that included 
strategies for movement, fall prevention and education, regular physical activity, and strength 
and home based PT exercises. At initial testing before the intervention, they found no 
differences in standing with feet together, feet 10 cm apart and stride standing position between 
the PD patients and controls. However, they found significant differences in tandem standing 
and one foot standing between the PD and control individuals following the intervention, with 
greater difference in PD subject’s tendency to fall. Additionally, PD patients were significantly 
improved in step test and external perturbation test scores as compared to controls, thereby 
decreasing the tendency of falls. Following the intervention, the group without the tendency to 
fall improved in tandem stance, single leg stance, step and external perturbation tests with 
values approaching that of the control group. The group without the tendency to fall also 
improved significantly in tandem stance, single leg standing, functional reach, step test and 
external perturbations. Although, this study had some limitations, it provides an important clue 
regarding the predictive tests of balance impairment in PD, as well as the importance of tandem 
stance and one legged standing outcomes for being sensitive measures to determine the 
effectiveness of balance training in individuals with PD.  
Individuals with PD are often advised to perform home exercises considering the chronic  
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and progressive nature of the PD. Ashburn et. al.184 found a consistent trend towards decreased 
at 8 weeks and 6 months fall rate following 8 weeks of 1 hour home based exercises, twice a 
week (n = 65) as compared to usual nursing care (n = 65) in individuals with PD. The exercise 
intervention included 6 levels of progression covering strength, range of motion, balance and 
walking. They observed a significant difference in only Functional Reach Test at 6 months. 
There were several limitations in the study, including failure to recruit the sample size required, 
self-report of falls and higher number of participants in the controlled group, who were also 
involved in additional exercises outside the study intervention.  Similarly, Allen et. al. compared 
the effects of 6 months of minimally supervised exercise intervention on the fall risk in PD185. 
They divided 48 PD patients into exercise and control group. The exercise group attended a 
monthly exercise class and exercised at home 3 times a week for 6 months. At the end of 6 
months, there was a non-significant improvement in fall rate and a significant improvement in sit 
to stand task. This suggests that home based exercises completed over a period of 8 weeks up 
to 6 months may improve balance. However more aggressive exercises which target balance 
and postural instability may be needed to significantly improve the fall rates.   
A pragmatic, parallel group randomized controlled study conducted by Goodwin et al 186 
included 130 subjects (64 to intervention group and 66 to standard care group) between Hoehn  
and Yahr stages III-IV. The intervention group participated in 10 once weekly supervised 
exercise sessions and twice weekly home exercise sessions, which included 10 minutes of 
warm up, 10 minutes of cool down and 40 minutes of strength and balance training. The control 
group received standard care. The primary outcome measure was the number of falls during the 
10 week intervention period and a 10 week follow-up period. They also prospectively recorded 
falls for 10 weeks before the beginning of the intervention.  Additional, information collected 
included the falls efficacy scale (FES), European quality of life questionnaire (EuroQOL-5D), 
Phone-FITT (household and recreational physical activity), Berg Balance Scale (BBS) and 
Timed Up and Go test (TUG). The authors found non-significant improvements in the fall rate, 
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with the intervention group reporting 1507 falls and the control group reporting 3981 falls in the 
20 weeks following baseline measurements. The authors found significant between group 
differences in BBS and FES at the post intervention assessment and significant between-group 
differences in BBS and Phone-FITT at the 10 week follow up. This was the first trial to include 
fall incidence as the primary outcome measure. Although, the study was unique in using fall 
incidence as the primary outcome, a 10 week follow up seems to be short. Adding the longer 
follow up such as at 6 months and 1 year would be particularly important in this population. 
Additionally, they reported an attrition rate of 15%. Moreover, the authors failed to recruit the 
desired number of participants (sample size of 248) and completed analysis with 130 subjects.  
Although some studies investigated the balance interventions in PD, most of the studies 
lack well defined and specific balance interventions. Most of the studies, which fall under 
physical therapy realm did not use sensitive outcome measures such as CoP changes or sway 
measures before and after exercise intervention in PD. Qutubuddin et al182 used an advanced 
form of balance training using computerized dynamic posturography (CDP) to work sensory and 
voluntary motor control of balance on a movable surface and compared the training with 
standard balance therapy in 22 individuals with PD. . The pre testing included assessment of 
balance on Smart Balance Master and BBS. The participants were either randomized to CDP 
group or PT group. The CDP intervention included two 30-minute sessions per week for 4 
weeks, and the PT intervention included two 30-minute sessions of usual upright exercises, 
theraball exercises and mat exercises for 4 weeks. Additionally, both groups were given 13 
same specific home-based balance exercises. The authors found no between group 
differences, but did find significant differences between 9 CDP and 6 PT patients for reaction 
time, movement velocity, endpoint excursion and maximum excursion. Although, this study had 
several limitations such as small sample size, high attrition rate and all male subjects, the study 
provided evidence that an intervention using computerized platform is feasible in PD.  
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In a study by Nocera et al187, 10 PD and 10 healthy age matched controls were 
compared using computerized dynamic posturography (CDP) with sensory organization testing 
pre and post intervention. The sensory organization testing (SOT) is sensory manipulations via 
visual surroundings and support surfaces during balance testing. The exercise intervention 
included abdominal crunches, wall squats, lunges, calf raise, knee flexion and extension and 
step ups. The participants in the home exercise group were given an exercise booklet for 10 
week intervention following initial practice. The control group did not do any exercises however 
it was used to examine the learning effects from testing. The authors found that pre intervention 
differences between the PD and control no longer existed at the post intervention testing. 
Additionally, in PD group the composite score of NeuroCom SOT significantly improved after 
intervention. NeuroCom SOT requires participants to be tested under 6 conditions with eyes 
open and eyes closed.  During the test, the participant’s visual surround, force platform or 
combination of both are sway referenced.  There was no difference in the static balance in this 
study, which signifies that either there was no improvement in static balance following the 
intervention or a different exercise intervention specific to the static balance is needed.  
A recent study by Kara et al188 indicates the usefulness of the Balance Master System in 
evaluating the improvement in static and dynamic balance following an exercise intervention. 
Seven subjects with stage III of H & Y scale completed a supervised 50-60 minutes of exercise 
intervention targeting motor skills, postural adjustments and coordination and motor dexterity in 
small groups  per week for 12 weeks. Thereafter, the participants were asked to continue the 
exercises at home and record the time and date in a log book. The exercise was changed once 
a month starting with lying followed by sitting and then standing. The balance was assessed via 
balance master system once before and after the intervention completion. Static balance was 
assessed using a modified clinical test of sensory interaction on balance looking at the postural 
sway velocity. Dynamic balance tests included limits of stability (LOS), weight shift (WS), sit to 
stand (STS), tandem walk (TW), step/quick turn (SQT). The parameters tested were reaction 
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time (RT), movement velocity (sway), and endpoint excursion (EX). For static balance, only 
unilateral standing on right and left foot with eyes closed was significantly improved after 
treatment. In dynamic balance, maximum excursion of limits of stability improved and LOS was 
significantly improved before and after the intervention. However no differences in RT, 
movement velocity, end point excursion, and directional control, WS, SQT, TW and STS were 
noted following the intervention. Despite some promising results, there were some limitations 
such as small sample size, lack of control group and use of other clinical measures. These 
limitations reduced the reliability of results. In contrast to this, our study examined the training 
using BBS, for a short period and comparing it to a group that performed balance exercises 
from the booklet “Falls Prevention” without the use of BSS188. 
A rather improved study conducted by Smania et al.86 evaluated the effects of balance 
specific training in 33 individuals with PD as compared to 31 controls with diagnosis of PD at 
stage III-IV of H & Y scale. Their balance intervention consisted of 50 minutes of exercises 3 
times a week for 7 weeks. The training consisted of 3 different sets of exercises: self-
destabilization of CoM, externally induced de-stabilization of CoM using foam and a movable 
platform, and coordination activities for arms and legs during different activities. The exercises 
for the control group included active joint mobilization, stretching and coordination. The primary 
outcome measures included BBS, activities specific balance confidence and time to execute 
different postural transitions. Additionally, the participants performed a target reaching task, 
while they stood barefoot on the force platform. Within-group comparisons showed significant 
improvement in BBS at post testing as well as at 1 month follow up, whereas no difference was 
observed for the control group. Between group changes were significant for all the primary 
outcome measures. This study provided evidence that a more specific balance intervention and 
sensitive outcome measures should be incorporated in the treatment of postural or balance 
problems in PD. Biodex Stability System (BSS) is a device containing a combination of a 
movable platform and a visual screen located in front to perform different challenging balance 
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tasks. Safety features on the device provide a better, yet challenging environment for balance 
training in these individuals. It is our expectation that training using such a device is more 
specific to balance and would yield better results than usual ground balance exercises.  
Overall a common theme emerged out of all of the studies mentioned above. Exercise 
may result in improvements, but most studies used mixed methods of balance training in 
addition to some other form(s) of exercises. None of the exercise interventions were focused on 
balance specific training only and the lack of a control group in several studies questions 
generalizability of their results. Moreover, there is much variation in the duration of interventions 
and the outcome measures used. Specifically, balance interventions lack sensitive outcome 
measures such as CoP or limits of stability, which have been affected in individuals with PD.  
Currently, the common practice to evaluate PI in clinic is to use clinical balance scales, 
which tend to have physician bias, do not detect mild impairments (have ceiling effects), and 
may not be sensitive enough to detect changes with progression of the disease189-191 in 
diseases like PD where disease progression must be monitored192. CoP sway measures are 
shown to be sensitive measures for PI and detecting minor deficits. A study by Chasten et. al 193 
found no differences in individuals with PD and healthy controls in performance of the clinical 
balance tasks; however PI was present in early stages of PD (H & Y – 1.22) as evidenced by 
force platform measurements of CoP. Additionally, use of sensitive sway measurements of CoP 
has been suggested to be better measurements for PI even in healthy elderly194 as well as in 
individuals with stroke195. Therefore, we suggest that sensitive outcome measures such as that 
of CoP sway may be more sensitive in evaluating improvements in postural control following 
balance interventions implemented herein. The CoP sway area and the CoP path length in 
medio-lateral (ML) and antero-posterior (AP) directions have been shown to be significantly 
increased in individuals with PD104,196. Additionally, it has been suggested that CoP sway in ML 
direction is a better predictor of falls in PD196. We hypothesize that challenging balance training 
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in individuals with PD will result in improvements in postural control as assessed by 
improvement in CoP sway area and CoP path length in ML and AP direction.  
A meta-analysis conducted by Allen et al197 investigated the effects of exercise and motor 
training on balance and falls in PD. The authors identified that falls are a major problem in 
individuals with PD, and compromised balance is one of the important risk factors for falls. 
Several outcome measures included the BBS, TUG, gait velocity/time, turning time, sit-to-stand; 
functional reach (FRT) and single leg stand time. The results indicated mean time period of 
most of the interventions to be 7 weeks, with almost 18 hours of exercise in total. The sample 
sizes ranged between 11-142. The meta-analysis concluded that the combination of exercise 
and motor training significantly improved balance related activity performance, and highly 
challenging and balance specific training improved outcome measures more than the usual 
exercises198,199. The effect sizes were small to moderate (Hedges’ g 0.2 – 0.5) but yielded 
meaningful improvement in the outcome measures (e.g. 0.05 m/s in gait velocity). The authors 
suggested that intervention studies should include highly challenging exercises such as 
movement of CoM, narrowing the base of support and minimizing the use of upper limbs for 
support. Such interventions may yield significant improvements in balance related outcome 
measures. Therefore, there is a pressing need to develop and evaluate balance challenging 
specific interventions in PD, as tested herein. 
1.13.3 Other exercise interventions:  
 Alternative therapies: Several alternative therapies such as yoga, tai-chi, Qigong, vibration and 
dance therapies have shown promising results in improving postural instability in individuals with 
PD. Table 2 outlines some of the studies, which investigated balance outcomes following 
alternative therapies. Overall, alternative therapies listed in Table 2, have shown mixed benefits, 
with some reporting improvement and some reporting no change in balance outcomes. 
Although, the beneficial effects of these alternative therapies are moderate, most of these 
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interventions are considered safe and are encouraged in individuals with PD. However, due to 
scarcity of data, there is a need to explore alternatives therapies in the future using large 
randomized control trials, as they provide additional treatment options for chronic neurological 
diseases such as PD.  
1.13.4 Exercises focused on reducing falls 
Fall frequency is reported to decrease in the elderly when individualized home exercise plans 
are provided. A large sample (n = 142) randomized controlled study by Pickering  et al. 200 
evaluated the effects of 6 week home based exercise intervention in individuals with PD. The 
intervention group underwent home-based exercises which included muscle strengthening, 
range of motion exercises, balance training and walking. Balance training specifically included 
exercises focusing on static, dynamic and functional activities catering to the needs of individual 
patients. The control group had usual care, which was basically a meeting with a local PD 
nurse. A non-significant trend toward decreased incidence of falls was reported in the 
intervention group. Allen et al. reported similar findings, where the exercise group met with 
physical therapist once a month for an exercise session and completed 3 exercise sessions at 
home each week for 6 months. The exercise in this study consisted of balance and strength 
training. At the conclusion of the study, the exercise group showed greater decline in the fall risk 
score as compared to the control group. However, no significant changes were seen in fear of 
falling and static balance. Falling is a major problem in PD, which results in injuries and 
significantly impacts mobility and quality of life. As discussed earlier in this chapter, postural 
instability is the major cause of falls in PD,hence exercise studies focusing on improving 
postural instability in PD might help to improve balance leading to decreased incidence of falls.  
1.14 Significance of present work: 
Exercise has long been suggested as an adjunct to medical treatment of PD. However the 
efficacy of a short duration balance specific training with Biodex Stability System (BSS) and its 
effects on spatiotemporal gait, physical function and quality of life remain to be determined. This 
36 
 
limited understanding of the balance specific intervention response in individuals with PD has 
resulted in lack of standard exercise prescription; as it is unclear as to what extent balance 
specific training maximizes functional improvements in this population. By incorporating balance 
specific training into our protocol, we expect to elicit improvements in balance, gait, and their 
relative contributions to functional performance and QOL.  
Additionally, the non-motor symptoms of PD have scarcely been evaluated in response to 
balance specific interventions. Research studies have described the potential interdependence 
of motor symptoms and non-motor symptoms in PD. Therefore, it is important to evaluate how 
changes in balance and gait parameters affect non-motor symptoms such as fatigue, pain and 
depression in PD. The results of this research will help characterize the balance specific 
exercise response in individuals with PD, and will enable medical professionals to appropriately 
design and prescribe exercise programs to maximize improvement in functional performance in 
this population. Since several studies used mostly subjective or less sensitive outcome 
measures to evaluate changes following balance interventions 201, there is a strong need to 
explore exercise interventions targeted to improve balance while using more sensitive, objective 
and functional tasks that are often impaired in PD. Challenging exercises have been suggested 
to increase production of dopamine and also help improve postural instability in individuals with 
PD. Since balance interventions in the past have used exercises with lower levels of challenge, 
the results of the present study may improve our understanding for the effects of challenging 
balance training on balance, gait and other non-motor symptoms of PD.  
The underlying causes of postural instability have been related to abnormalities in postural sway 
and adjustments and dynamic postural control. Previous balance studies in individuals with PD 
have reported increased sway area and path length in medio-lateral and anterio-posterior 
directions, resulting in postural instability202. Appropriate balance responses require integration 
of visual, vestibular and somatosensory systems203, and patients with PD have abnormal 
processing of afferent input from vestibular, proprioceptive, and visual systems86. However, 
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balance training alone and balance training with visual feedback have been shown to improve 
sway measures. Objective sway measures are more sensitive in detecting these changes in PD 
than clinical rating scales that are more comprehensive204.  
Biodex stability system (BSS) is a commercially available device that can be used to 
significantly challenge balance by requiring the individual to maintain their stability as the base 
of the BSS become unstable and/or to perform visually guided dynamic balance tasks. BSS has 
been used for assessment of neuromuscular and somatosensory control and training of postural 
control and balance. The balance activities which can be carried out using BSS can be broadly 
divided into static and dynamic balance activities. Static balance activities include tasks such as 
standing and maintaining the CoM at one position as represented by a black dot on the screen. 
The dynamic balance tasks include activities such AP or ML weight shift, limits of stability or 
maze control, where CoM as represented by a black dot on the screen is voluntary moved away 
from the center towards the limts of stability.  Balance training with  Stability System (BSS) has 
yielded positive results in older frail individuals 205,206 as well as individuals with diabetes 205 and 
chronic ankle sprains 207. However no studies have utilized BSS for training individuals with PD. 
On the other hand, studies that examined balance following use of exercises including general 
physical therapy exercises, balance and aerobic interventions17-25 and/ or medications208-210, 
showed inconclusive, insignificant or even negative results.  
Therefore, we propose to conduct a quasi-randomized controlled study to compare two 
groups of individuals with PD undergoing supervised balance training using BSS versus 
supervised balance training without BSS, 3 times a week for 4 weeks. The results of the present 
study may help clinicians and researchers develop more efficient treatment strategies for 
improvement of postural instability, which has been a main concern for this population.  
1.15 Specific Aims and Hypothesis 
The primary goal of this study is to evaluate whether a balance training intervention with BSS 
can improve balance in individuals with PD. A secondary goal of the study is to evaluate if 
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changes in balance also translate to improving gait, physical function and quality of life. Our 
central hypothesis was that the balance exercise group using the BSS system will show greater 
improvement in balance. We also hypothesized that improvement in balance will result in better 
gait and physical function in individuals with PD. Our rationale for this project was to understand 
if challenging exercises result in better outcomes as compared to simple over ground exercise, 
which is often prescribed in PD. To achieve this, we followed the underwritten specific aims and 
their respective hypotheses: 
AIM 1: To determine if balance training with BSS can improve specific balance parameters in 
individuals with PD compared to Non-BSS group 
Hypothesis 1a: Berg balance score will be significantly increased in the BSS group as 
compared to the Non-BSS group 
Hypothesis 1b: CoP path length in the antero-posterior direction and the medio-lateral 
direction will be significantly decreased in the BSS group as compared to the Non-BSS 
group 
Hypothesis 1c: Sway area will significantly decrease in the BSS group as compared to 
the Non-BSS group 
AIM 2: To determine if balance training with BSS can improve specific gait parameters in 
individuals with PD compared to Non-BSS group 
Hypothesis 2a: Gait velocity will be significantly improved in BSS group as compared to 
the Non-BSS group 
Hypothesis 2b: Step length will be significantly improved in BSS group as compared to 
the Non-BSS group 
AIM 3: To determine if balance training with BSS can improve functional outcomes in individuals 
with PD as compared to Non-BSS group 
Hypothesis 3a: Timed Up and Go Test score will be significantly decreased in BSS 
group as compared to Non-BSS group 
Hypothesis 3b: 6 Minute Walk Test distance will be significantly increased in BSS 
group as compared to Non-BSS group 
Hypothesis 3c: fear of falling will be significantly decreased in BSS group as compared 
to Non-BSS group 
Hypothesis 3d: quality of life in individuals with PD will be significantly improved in BSS 
group as compared to Non-BSS group 
AIM 4: To determine if balance training with BSS can improve non-motor symptoms in 
individuals with PD as compared to Non-BSS group 
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Hypothesis 4a: Fatigue will be significantly decreased in BSS group as compared to 
Non-BSS group 
Hypothesis 4b: Depression will be significantly decreased in BSS group as compared 
to Non-BSS group 
Hypothesis 4c: Pain will be significantly decreased in BSS group as compared to Non-
BSS group 
 
To achieve the purpose of above mentioned aims, we proposed a 4 week quasi randomized 
controlled study (Table 3) of a balance training program in individuals with PD using Biodex 
Stability System (BSS). BSS is a commercially available device, which consists of a circular 
platform that provides up to 20° of surface tilt and is capable of moving in 360° range of motion. 
The platform is interfaced with computer software (Biodex, Version 3.1, Biodex Medical 
Systems) that enables the subject to visually track the CoP. In static stance position, the CoP is 
used to measure the movement or sway of center of gravity. The BSS has an inbuilt feature to 
vary the stability of the platform by changing the resistance underneath the platform. Most 
Individuals with PD experience balance problems at some point during the course of the 
disease and the balance worsens with the progression of the disease. BSS is a device, which 
can be used to train individuals with PD, to control the movement of CoP, which ultimately helps 
to improve balance impairment.  
Subjects with a diagnosis of PD were invited to participate in the study and presented 
with a choice of either the balance exercise group using BSS or without BSS. Each group had 
10 subjects. A part of testing and full training took place at Clinical Orthopedic Rehabilitation 
and Research laboratory, Department of Physical Therapy and Rehabilitation Science and 
some part of the testing and patient recruitment was completed at Parkinson’s Disease & 
Movement Disorders Center at the University of Kansas Medical Center.   
This study will be the first study to attempt to compare the changes in balance and gait 
following 4 weeks of balance training using either BSS or supervised exercises without BSS.  
40 
 
This study will also examine the effects of the balance training on the non-motor symptoms of 

















































Figure 1: Basal Ganglia: caudate and putamen comprises largest nuclear complex of 























GPe – Globus pallidus externus 
SNc – Substantia nigra compacta 
STN – Sub thalamic nucleus 
GPi – Globus pallidus internus 
SNr – Substantia nigra reticulata 
 
Red arrow represents inhibition 
Blue arrow represents facilitation 
Thick arrow represents increased inhibition/facilitation 
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Table 2: Alternative therapies focused on balance 
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2.1 Abstract 
Introduction: Postural Instability is a common feature of Parkinson’s Disease, which results in 
frequent falls. Exercise is known to improve motor functions in PD, however there is scarcity of 
studies which evaluated effects of balance specific training in this population, specifically using 
Biodex Stability System (BSS). The purpose of this study was to evaluate the effect of balance 
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training, using the BSS or supervised exercises, on balance and gait in adults with Parkinson’s 
disease (PD). 
Methods: This study was a prospective, non-randomized pilot study. 20 PD subjects at Hoehn 
and Yahr stages I – III were recruited(10 in the BSS group and 10 subjects in Non-BSS group  
i.e. supervised balance exercise training without Biodex Stability System) participated in 
exercise sessions 3 times a week for 4 weeks for 55 minutes per session. Postural sway 
measures were collected at baseline and post intervention. Secondary measures of Berg 
Balance Scale, spatio-temporal gait measures, Timed Up and Go (TUG) and 6 minute walk test 
data were also collected at baseline and post exercise intervention for both groups. 
Results:  Improvements in postural sway were seen in the BSS group post intervention (sway 
area mean change = - 435.3 mm²; 95% CI = - 818.5, -52.2). Postural sway data from the Non-
BSS group were unavailable, due to a technical failure. All secondary measures improved for 
both groups independently; however we did not find any significant between group differences 
for any of the secondary measures.  
Conclusions:  4 week exercise training using BSS improved measures of balance and gait in 
adults with PD. However, improvements were also seen after an exercise program that did not 
use BSS. This suggests that for the measures used in this study, there were no differences 
between BSS training and general exercise balance training.  
 





2.2 Introduction  
Postural instability (PI) is one of the most disabling symptoms of Parkinson’s disease (PD), 
which increases with the progression of the disease and leads to balance difficulties and falls236. 
Decreased balance confidence also leads to decreased mobility and increased number of falls. 
About 68% of people with PD fall at least once in a year186, leading to injuries and further gait 
impairments110,116,237. Hip fractures caused by PD cost about $192 million every year 199. These 
injuries cause significant impact on physical function and quality of life in these individuals. 
Medical and surgical treatment provide limited improvement for balance and postural problems. 
Biomechanical postural sway measures of balance are altered in PD. The center of 
pressure (CoP) sway area, path length in anterior-posterior (AP) and medial-lateral (ML) 
directions and root mean square (RMS) velocity of mean CoP in AP and ML directions are 
increased in individuals with PD75,196,238,239. Blaszczyk et al 75 found significant increases in sway 
area, sway range and path length in people with PD as compared to healthy controls. Similar 
findings were reported by several other authors105,240 
             Despite the fact that an increase in postural sway has been reported in individuals with 
PD, very few studies have examined specific interventions to improve postural instability. Even 
fewer studies have examined the efficacy of specific balance training equipment on 
biomechanical measures that are more sensitive in determining treatment efficacy. The Biodex 
Stability System (BSS) (Biodex, Version 3.1, Biodex Medical Systems) is a commercially 
available device, which consists of a circular platform that provides up to 20° of surface tilt and 
is capable of moving in 360° range of motion. The platform is interfaced with computer software 
(Biodex, Version 3.1, Biodex Medical Systems) that enables the subject to visually track the 
movement of CoP.  BSS challenges static and dynamic balance by either moving the platform 
or guiding subjects to move in AP or ML directions well beyond the person’s limits of stability. 
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Studies indicate individuals with diabetic neuropathy have significant improvements in overall 
stability index, AP and ML stability index using  the BSS for balance training with a total of 10 
training sessions in 3 weeks.241,205,242   A randomized, controlled trial by Gusi et.al243  examined 
the effects of a 12 week BSS balance training program on institutionalized older individuals.  
Significant reduction in fear of falling and improvement in dynamic balance and knee strength 
was found following BSS training. BSS has been extensively used to challenge244 and train245,246 
dynamic balance following ankle and knee injuries, but has not been used in PD. The primary 
aim of the present study was to evaluate if balance specific training using the BSS improves 
postural instability in individuals with PD to a greater degree than standard balance exercises 
and to determine if improvement in balance translates into improvements in measures of gait. 
2.3 Methods 
All participants signed written informed consent for participation approved by the University of 
Kansas Medical Center’s (KUMC) Institutional Review Board. Subjects between 40 -70 years of 
age with a diagnosis of PD were recruited from the Parkinson’s Disease and Movement 
Disorder Center at KUMC. Subjects were diagnosed using the United Kingdom Parkinson’s 
Disease Society Brain Bank Criteria by the team neurologist. Further inclusion criteria included 
Hoehn & Yahr stage I – III, Berg Balance Scale score of at least 50 out of 56, and ambulation 
with or without an assistive device. Participants were excluded if they 1) had neurological 
disorders other than PD or significant head trauma, 2) received neurosurgical intervention for 
PD such as deep brain stimulation, 3) reported substance abuse, 4) reported any cardiovascular 
or medical dysfunction which could preclude participation a challenging balance training 
program, 6) had a history of any major injuries to the lower extremities such as  replacements of 
hip, knee or ankle or 7) had a score of less than 20 on the Montreal Cognitive Assessment 
(MOCA), indicating significant cognitive impairment247,248.  
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Participants completed a series of tests, which included force plate measures, GaitMat (CIR 
Systems Inc. / GaitRite, Sparta, NJ, USA) and other tests of balance and endurance such as 
Timed up and Go test (TUG) and 6 minute walk test (6MWT), 2-3 days prior to the beginning of 
the intervention. During the study, the participants were instructed to take their usual anti-
parkinsonian medications. All participants were tested and trained during the medication “ON” 
phase, (1 - 2 hours after taking PD medications). None of the participants had any change in 
their activity level, exercise participation and medications during the 4 week study period.  
Primary Outcomes: 
Participants were evaluated before and immediately after the completion of 4 weeks of training. 
CoP measures were collected using two force platforms (AMTI Measurements Group, 
Watertown, MA, USA). The signals were sampled at a frequency of 100 Hz 249,250. The 
participants were asked to stand on the force plates once with eyes open (EO) and then with 
eyes closed (EC) for the following four conditions:1) feet shoulder width apart; 2) feet together, 
but on separate force plates; 3) one foot ahead of the other as in stepping; 4) tandem standing. 
A total of 5 trials of 20 seconds each were collected under each condition, with a 10 second rest 
between each trial. A gait belt and overhead harness were used for safety measures. In 
addition, a research assistant always stood behind the participants during testing. The 
parameters included in the CoP measures were sway area, CoP path length in AP and ML 
directions, and root mean square velocity in AP and ML directions.  
Secondary outcome measures:  
The Berg Balance Scale153 is a 14-item gold standard clinical scale for balance. A score below 





Spatiotemporal gait parameters: 
The GaitRite system (CIR Systems Inc. / GAITRite, Sparta, NJ, USA) is a computerized 
instrument consisting of a 4.6 meter electronic walkway with embedded sensors to identify foot 
contacts and the spatio-temporal gait components during walking. Participants walked 1 meter 
before the walkway and continued 1 meter beyond the walkway. A total of 3 trials were 
collected, and the average of the 3 trials was used for analysis. A clinically meaningful change 
of 0.19 m/sec in walking velocity has been reported for PD153,251. 
Intervention:  
Participants were assigned to either the BSS group or the Non-BSS group for 12 treatment 
sessions, 55 minutes each, 3 days a week (Monday, Wednesday, and Friday) for 4 consecutive 
weeks. The training was conducted in the Clinical Orthopedic Rehabilitation Research (CORR) 
laboratory at KUMC.  
Biodex stability system (BSS) balances exercise:  
The participants in the BSS group performed voluntary movements utilizing static or dynamic 
tasks (Table 1). Under the static task, participants were required to maintain the CoP (shown as 
a small black dot on the front screen: Image 1) in the smallest circle during 4 different standing 
conditions: standing with feet shoulder width apart, standing on left foot alone, standing on right 
foot alone, and standing with feet together. During the dynamic task in the second set of 
exercises, the training included moving the CoP in AP and ML directions, tracking the random 
dot on the screen in different directions and finally moving the CoP in clockwise and 
counterclockwise directions.  
          The tasks required the participants to keep their CoP within the limits of stability to avoid 
possible falls. The training started at a low level (L1) and progressively challenged participants’ 
balance as described in Table 1.  All the participants performed 3 sets of 6 repetitions, which 
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took 6 minutes for each exercise on average to complete the task. Limits of stability (where the 
participants tried to reach points on the screen, which challenged their balance) and maze 
control (where the participants tried to maintain the black dot within the boundaries of the maze 
while moving the dot clockwise and counterclockwise) exercises included 4-6 repetitions on 
average, which also took approximately 6 minutes (Table 1). During the fourth week of training 
period, the level of challenge was randomly selected (Level 1, 2 or 3). The participants were 
given verbal instructions and provided the required assistance in carrying out the activities. The 
total training time was about 55 minutes, excluding warm up and cool down exercises of 
stretching and walking in the hallway.  Although, participants were allowed to break a fall by 
holding on to the side grab bars (handrails), they were suggested to take the hands off from the 
handrails during the balance training tasks. Continuous use of handrails would have lessened 
the amount of challenge applied and thus influenced the resulting outcomes; thus, none of the 
participants held on to the handrails, other than momentarily (under 10 seconds) to regain their 
balance, during each training session.  Approximately each participant held on to the handrails 
2-3 times/task level/session as they transitioned from one challenging task to the next or until 
they become familiar with the task. 
Non- BSS Group:   
Supervised balance exercises taken from the National Parkinson Foundation’s “Falls 
Prevention” booklet were used as intervention training in this group (www.parkinson.org) 252. 
The booklet contained 6 different balance exercises (Table 2). Training was supervised by a 
team member and lasted 55 minutes/exercise session, 3 days a week for 4 weeks.  
All the participants from both the groups were instructed to take breaks as needed. 
Additionally, participants were instructed to sit down or stop exercising if they experienced 




SPSS 22.0 (SPSS Inc, Chicago, IL) was used for the statistical analysis. Mann Whitney U tests 
were conducted to test the homogeneity of the samples. Wilcoxson signed rank test was used 
to assess within group differences and Mann- Whitney U test was used to assess between 
group differences from the baseline and post-intervention scores. An alpha level for significance 
was set up at 0.05.   
2. 4 Results: 
Eighteen participants completed the study. One participant from each group withdrew from the 
study due to time commitment and transportation problems. Demographic data and baseline 
measures are presented in table 3. There were no differences between the groups at baseline.   
Primary Outcomes: BSS intervention resulted in a significant decrease in total sway area (mean 
change = - 435 ± 535 mm²; 95% CI = - 818.5, -52.25), path length in AP direction, (mean 
change = -12.6 ± 14.5 mm; 95% CI = -23.1, -2.2), path length in ML direction  (mean change = -
9.15 ± 15 mm; 95% CI = -20.4, 2.11 ), RMS velocity in AP direction (mean change = -2.7 ± 3; 
95% CI = -4.9, -0.5) and RMS velocity in ML direction (mean change = -1.8 ± 3.16, 95% CI = -
4.09, 0.43) (Fig. 1). These measures were obtained with a force plate during quiet standing with 
eyes open. We did not find any significant changes with eyes closed.  
 Due to technical failure of the force plates, we were not able to capture the force plate 
data from the Non-BSS group. The data on the BSS group was collected first. The data on the 
Non-BSS group was collected later. In between this data collection, the lab equipment was 
moved including the force plates. Later, it was found that the data for the Non-BSS group was 
never collected on the force plates. Thus, we were not able to determine changes within this 
group or evaluate between group differences for force plate measures.  
Secondary outcome measures:   
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Berg Balance Scale scores improved significantly in both the BSS and Non-BSS groups 
following training.  However, no significant between group difference was noted following the 
interventions. Significant improvements were also found for gait velocity, step length and stride 
length following BSS and Non-BSS training (within group, pre - post); however no significant 
between group differences were found in any of the gait parameters (Table 4). Within group 
differences were found for TUG and 6MWT measures for both BSS and Non-BSS groups 
respectively. There were no significant between group differences.   
2.5 Discussion:  
Balance training using the BSS over a relatively short period of time (4 weeks) improved 
balance and gait.  Similar improvements were also seen in the Non-BSS group.  These results 
suggest that both exercise training programs are equally beneficial for people with PD. The 4 
week intervention with BSS was found to be safe and feasible for individuals with PD in Hoehn 
and Yahr stages I – III.  All the participants expressed verbal satisfaction with the exercise 
program in both groups, which included the dosage of exercise (55 minutes, 3 times a week) 
and the participants were able to complete all the exercises without any adverse events.  
Sway measures such as sway area, AP and ML CoP path length, and RMS velocity have been 
shown to be affected in individuals with PD as compared to healthy age matched controls75,253. 
In general these values are higher in PD patients, however since we did not used a healthy 
control group, we don’t know if our group of patients had higher values than the healthy 
individuals, however both groups were not different at baseline, and we saw significant 
improvement in BSS group following training.  The sway measures significantly improved 
following the BSS training in our study. The CoP displacement decreased in both AP and ML 
directions. These results are consistent with previous studies137,30,37.    
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Crizzle et al254 suggested that challenging balance exercises can result in better improvement in 
balance as compared to simple home exercise. A recent study 137 found significant differences 
in postural sway in a cohort of stage 2.5 - 3 PD patients following 8 weeks of training (3 times a 
week for 30 minutes) on a Wii balance board, using challenging balance exercise. Another 
study 255 found significant improvement in the CoP RMS velocity following 6 weeks of balance 
exercises (40 minute sessions, 3 days a week) using Wii fit games at home. These studies 
suggest that challenging balance exercises can potentially improve postural instability and help 
reduce falls better than other types of exercise sessions38. These challenging exercises often 
involve exercises in standing with a smaller base of support, decreased assistance from upper 
extremities and controlled movements of CoM.  Our study utilized similar exercises, which 
challenged balance statically and dynamically in both AP and ML directions, and resulted in 
significant improvements in the sway area, CoP path length and CoP RMS velocity in both AP 
and ML directions. Unfortunately we failed to compare postural instability data between the BSS 
and Non-BSS groups. Otherwise, we could examine whether the use of BSS can further 
improve postural stability compared to the standard balance training in PD. Furthermore, the 
BSS provides 20 degrees of tilt in every direction, we did not utilize the maximum tilt in our 
intervention considering the ability and safety of the participants, which limited the movement in 
either direction. Future exercise programs focusing on even more challenging exercises by 
using maximum tilt of the BSS may result in better improvement in the overall balance in these 
individuals.   
The Berg Balance Scale is a valuable tool to access responsiveness to change in 
patients with neurological diseases21. A clinically meaningful change of 5 points on the Berg 
Balance Scale has been suggested to be a useful functional gain153. We found an average 
improvement of 5.9 points in the BSS group and 6.7 points in the Non-BSS group. These results 
are similar to previous work by Smania et al86 who found significant improvements in the Berg 
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Balance Scale (5.3 points) following 50 minutes of balance specific exercises 3 times a week for 
7 weeks. Other forms of exercise interventions such as Yoga256 and Tai chi199, which 
incorporate balance training including challenging balance exercises improve balance in PD. 
Our study shows that even short-term balance training of 4 weeks can result in improvements in 
balance.   
Although several exercise studies have examined the benefits of exercise training in PD, 
the effects of balance specific exercises on gait parameters have not been fully investigated. 
Gait directed exercise interventions such as treadmill training or aerobic exercises have shown 
to improve gait velocity, step and stride length228,257. Our results suggest that balance specific 
exercises, with or without BSS, can also improve gait speed, stride length and step length, even 
after a short period of training. Studies that utilized balance directed interventions such as Tai 
chi6 and Wii fit balance board14 report similar findings. Collectively, these results suggest that 
improvement in balance translates to improvement in gait.   
Postural instability and impaired gait in PD result in an increased risk of falls35. We 
expected that improvement in balance and gait would result in enhanced mobility. Both groups 
showed improvement in TUG, which is a similar finding to previous studies12-14; although with 
our small sample size, the improvement in TUG was less than the clinical meaningful change 
range (2-5 seconds) 21. Training aimed at improving balance and reducing fall risk have also 
shown improvement in the 6MWT154. The 6MWT is considered a mobility endurance test for 
individuals with PD. A change of 82 meters is considered a clinical meaningful change in the 
6MWT performance following intervention24. Our study is the first to examine the effects of 
balance training on 6MWT, which although is below the clinical meaningful change, resulted in 
57.3 m change in the BSS group and 40.2 m in Non- BSS group, again suggesting that both 




One of the major limitations of this study was a non-randomized design. The second major 
limitation was non availability of force plate data from the Non-BSS group. The availability of the 
force plate data would have helped to understand the potential usefulness of the BSS training 
as opposed to balance exercises without the BSS. Follow up assessment to evaluate long term 
effects of training was not included. Additionally, our sample size was small, which may not 
adequately represent this population and results should be interpreted with caution. Future 
studies on balance rehabilitation in PD should also take into account the use of more 
challenging exercises using the full tilt of the BSS. Furthermore, future studies should also 
determine the adequate frequency, duration of treatment and the long term effects of such 
interventions. 
Conclusion:  
Our study suggests that regardless of the type of training methods, targeted balance training in 
individuals with PD results in improvements in balance, gait and mobility. Patients at all stages 
of PD should be encouraged to engage in regular exercise in order to maintain good balance 
and to reduce decline in physical function.  In conclusion, the results of this pilot trial show that 
short duration balance training with BSS in individuals with PD is feasible and can improve 














Activity No. of 
Repetitions 
Time spent 
    
Static Normal standing 6 6 minutes  
 Standing on both feet tightly 
together 
6 6 minutes 
 Standing on left foot 18 6 minutes 
 Standing on right foot 18 6 minutes 
Dynamic Antero-posterior weight shift n/a 6 minutes 
 Medio-lateral weight shift n/a 6 minutes 
 Percentage weight shift n/a 6 minutes 
 Limits of stability n/a 6 minutes 
 Maze Control n/a 6 minutes  
 
 
Table 2: Non- Biodex Stability System (BSS) group exercises  
Exercise No. of 
Repetitions 
Time spent 
Single leg stance ( Left and Right) 40   (20 on each 
side) 
6 minutes* 2 
Standing eyes closed 6 6 minutes* 2 
Toe taps on book 10 4 minutes* 2 
Step ups on a book 24 4 minutes* 2 
Standing foot on a step with head movements 12 4 minutes* 2 







Table 3: Baseline Demographics and Clinical Measures  
 Group 1 (BSS 
Group)  
Group 2 (Non-
BSS Group ) 
p - value 
Gender (Male/Female) 6/4 5/5  
Age (yrs) 63.9 ± 3.84 66.33 ± 7.97 0.46 
Weight (lbs) 164.24 ± 24.5 176.66 ± 52.82 0.67 
Height (inches) 66.47 ± 4.3 68.611 ± 5.4 0.45 
Disease severity (H & Y) 2.7 ± 0.42 2.6 ± 0.83 0.40 
Cognitive Status (MOCA) 27.8 ± 1.81 26.6 ± 2.36 0.18 
Berg balance scale 46.8 ± 2.5 46.4 ± 3.3 0.85 
Step length 0.55 ± 0.1 0.55 ± 0.07 0.85 
Velocity 0.98 ± 0.23 1.02 ± 0.10 0.24 
Functional reach test 9.3 ± 2.1 10.3 ± 1.2 0.21 











Table 4: Secondary balance and gait outcomes  
Outcome 
measure  
BSS Group   Non-BSS 
Group 
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Figure 1: Changes in force plate measures in Biodex Stability System (BSS) group  
 
 
CoP: Center of pressure 
AP: Antero-posterior 
ML: Medio-Lateral 












Image 1: Image taken from the Biodex stability system device showing one type of exercise 
completed by our participants. The green line represents the movement of CoM, while the 
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Background: More than 50% of individuals diagnosed with Parkinson’s disease (PD) present 
with non-motor symptoms; however, these symptoms are often unrecognized and consequently 
untreated.  Only a few studies have examined the effect of exercise training on the non-motor 
symptoms of PD and the results have been inconsistent. It is suggested that highly challenging 
balance exercises should be included in the rehabilitation programs for improvement in non-
motor symptoms, however, their efficacy has not been fully tested. 
Objective: To evaluate the effects of balance training using the Biodex Stability System (BSS) 
on non-motor symptoms of fatigue, depression and pain and the relationship of the impact on 
non-motor symptoms to other measures such as functional reach, fear of falling and quality of 
life in PD. 
Methods:  Twenty individuals with PD (Hoehn & Yahr (H&Y) Stage 1-3) were assigned to either 
the BSS group (mean age = 63.9 ± 3.8 years) or the Non-BSS group (mean age = 66.3 ± 7.9 
years); mean severity based on H&Y was 2.7 ± 0.42 and 2.6 ±0.83 respectively. Each 
participant in the BSS group underwent 4 weeks on training on the BSS, which included static 
and dynamic exercises. The Non-BSS group underwent 4 weeks of balance exercise training 
using exercises from the National Parkinson Foundation’s Fall Prevention booklet. Changes in 
fatigue using fatigue severity scale, depression using geriatric depression scale, pain using 
numeric pain rating scale, function using survey of activities and fear of falling scale and 
functional reach test and quality of life  using parkinson’s disease quality of life 39 questionnaire.  
Results: There were significant improvements in fatigue after BSS training (mean difference 
from Baseline:  - 4.6 ± 5.6 points, 95% CI = -0.27, 0.45) and the BSS group had significantly 
greater improvement than the non-BSS group (mean difference between groups: - 12.6 ± 12.3 
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points, 95% CI = - 20, - 4). There were no significant improvements for any of the other non-
motor symptoms. 
Conclusion: Balance training using the Biodex Stability System improves fatigue in PD patients 
and this improvement was significantly greater than with standard balance exercises. This 
improvement in fatigue may have valuable implications on fear of falling and QoL in individuals 
with PD.  
Key words: Parkinson’s disease, Balance exercises, Biodex Stability System, non-motor 

















More than 50% of individuals diagnosed with Parkinson’s disease (PD) present with non-motor 
(NM) symptoms258. Some of the common NM symptoms in PD include depression, fatigue, and 
pain and sleep disorders. Shulman et al. 259 reported depression in 44%, anxiety in 39%, fatigue 
in 42% and sleep disorders in 43% of individuals with PD (disease duration = 7.7 ± 5.5 years). 
Garcia Ruiz et al 260 reported pain is experienced by as many as 85% of PD patients.261 The 
presence of NM symptoms may intensify motor dysfunction and further deteriorate quality of life 
(QoL) 262,263 and physical function in individuals with PD264,265. Early recognition and treatment of 
these NM symptoms can have a profound effect on the management of PD118. Although NM 
symptoms are can be early symptoms of PD, they are often unrecognized and consequently not 
treated, as the focus of PD treatment has traditionally been on the motor symptoms259.  
A limited number of studies have examined the effects of various forms of exercise on 
NM symptoms in PD with a lack of consistent findings. Exercise training has resulted in mixed 
effects on NM symptoms of PD, with a few studies reporting positive effects and a few reporting 
no effects266-268. Recently Abrantes et al269 reported a higher level of physical activity to be 
associated with less depression, fatigue and apathy in individuals with PD. Exercises focusing 
on endurance270, resistance270 and balance271 interventions were reported to be helpful in 
managing NM symptoms such as depression270, pain271 and fatigue270. A recent meta-
analysis197  suggested that highly challenging balance exercises should be included in the 
rehabilitation programs for improvement in PD NM symptoms. In contrast, other exercise 
studies of aerobics272, qigong 214, Wii balance137 training, combined aerobic and strength training 
273 and treadmill274 did not have any effect on depression137,214,272,273 or fatigue137.  Reuter et 
al.144 reported improvement in general pain following flexibility, walking and Nordic walking 




Overall there is a scarcity of studies reporting changes in NM symptoms following exercise 
training targeted specifically to improve balance and posture. The Biodex Stability System 
(BSS) is a commercially available device (Biodex, Version 3.1, Biodex Medical Systems) 
frequently used for rehabilitation of musculoskeletal injuries (i.e. ankle sprain). BSS enables 
participants to challenge their balance outside of their limits of stability. We have recently shown 
the feasibility of BSS in PD for balance and gait training (manuscript in review). However, the 
usefulness of BSS-based challenging balance exercises on NM symptoms of PD has not yet 
been tested.  
Therefore, the aim of this study was to examine the effects of balance specific exercise 
programs (with and without use of the BSS) on NM symptoms including fatigue, pain and 
depression in PD. A secondary aim was to determine the relationship between the changes in 
NM symptoms to fear of falling and QoL.  
3.3 Methods: 
Participants:  
Individuals with a diagnosis of PD, aged 40 - 70 years and stage I-III (Hoehn & Yahr) were 
included in the study. A score of less than 50 out of 56 on the Berg Balance Scale (BBS) was 
selected as an indication of balance problems.  Additional inclusion criterion was participants’ 
capacity to independently ambulate with or without the use of an assistive device.  
Individuals were excluded from this study if they had any of the following conditions: 1) 
neurological disorder other than PD, 2) head trauma, 3) neurosurgical intervention for PD such 
as deep brain stimulation, 4) substance abuse, or 5) self- reported cardiovascular or medical 
dysfunction which would preclude participation in a challenging balance training program. 
Additionally individuals with a history of any major injuries or replacements to hip, knee or ankle 
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were excluded from the study. A score of 20 or below on Montreal Cognitive Assessment 
(MoCA) was also used as an exclusion to rule out any significant cognitive deficit. 
Recruitment was achieved through the Parkinson’s Disease and Movement Disorder 
Center at the University of Kansas Medical Center (KUMC). Individuals were given the option to 
either be a part of the BSS group or the Non-BSS group. The study was approved by the KUMC 
Institutional Review Board and all participants gave written consent prior to participation in the 
study.  
The participants were asked to visit KUMC at least 2-3 days prior to the beginning of the 
exercise training. The participants were instructed to continue their usual anti-parkinsonian 
medications. Each participant was in the “ON” phase of medication (within 1 – 2 hours of taking 
medications) during the testing (pre and post intervention) as well as during the exercise 
sessions.  
Testing:  
All participants were evaluated before and immediately after the completion of 4 weeks of 
balance exercise training using a battery of tests, including non-motor outcome measures, fear 
of falling and quality of life as described below. Two different PhD candidates blinded to the 
assignments, who were also PT’s completed the outcome assessments pre and post 
completion of the study. 2 other examiners, who were blinded to the study participants carried 
out UPDRS assessments.   
Outcome Measures:  
Depression was assessed with the Geriatric Depression Scale (GDS). The GDS has high 
discriminant validity, internal consistency and clean cut off scores, which can be utilized for 
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individuals with PD161,275.  The GDS includes 30 self-completed questions with a yes or no 
response and takes approximately 10 minutes to complete.  
Fatigue was assessed with the Fatigue Severity Scale (FSS), which can be used for both 
diagnosis and severity of fatigue in PD276. The FSS is a nine-item self-completed questionnaire, 
measuring the effect of fatigue on daily functioning. The items are rated on a scale of 1 to 7 (1 = 
completely disagree; 7 = completely agree). Higher scores indicate a higher level of fatigue. 
Herlofsan et al 163 reported that a score of 4 or higher in individuals with PD is indicative of 
fatigue. The FSS has excellent reliability with Cronbach’s alpha of 0.94 and split half reliability of 
0.86 and 0.91277,278 in other neurological conditions and it has been suggested for use in 
patients with PD276.  
The Numeric Pain Rating Scale (NRS-pain) was used to record pain level. NRS-pain is an 11 
point scale (0 -10), where “0” represents no pain and “10” represents worst possible pain. The 
NRS-pain has never been validated or used in individuals with PD, however it has been 
extensively used to assess pain severity in other medical conditions such as diabetic peripheral 
neuropathy279, cancer280 and amputations281. Due to ease of use, we utilized the NRS to assess 
pain.  
The Survey of Activities and Fear of Falling in Elderly (SAFFE) was developed by Lachman et al 
114 to assess the role of fear of falling on activity restriction in elderly individuals. It is an 11-item 
questionnaire with good internal consistency, reliability and convergent validity108,115 for fear of 
falling measures. SAFFE was used to assess the effects of exercise training on activities and 
fear of falling.  
Quality of life was assessed using the Parkinson’s Disease Questionnaire-39 (PDQ39) 282, 
which is a 39 item questionnaire addressing 8 different domains:  mobility (10 items); emotional 
well-being (6 items); stigma (4 items); social support (3 items); cognition (4 items); 
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communication (3 items); and bodily discomfort (3 items). All questions are scored from 0 
(never) to 4 (always). Domain and total scores are translated into a percentage such that 0 
would equal the best and 100 would equal the worst QoL.  
Intervention:  
Participants received 12 supervised treatment sessions of 55 minutes of either the BSS 
exercises or standard balance exercises (Non-BSS) from the National Parkinson Foundation’s 
Fall Prevention booklet, 3 days a week for 4 consecutive weeks.  
BSS group intervention:  
Each participant in this group underwent a balance training protocol using BSS. Intervention 
included static and dynamic exercises where participants were asked to either keep or move 
their CoP in order to challenge their balance. Under the static condition, the participants 
maintained static position by sustaining the center of balance. The center of balance was 
represented on the device’s screen by a small black dot in the smallest circle (the screen 
showed 4 circles, with higher radius representing the movement away from the CoM. Under the 
static position, participants are asked to maintain their balance over the dot, while standing on 
both feet, shoulder width apart and close together, as well as standing on the left and the right 
foot. Under the dynamic condition, the participants moved their center of balance in antero-
posterior and medio-lateral directions and in a circular pattern (clockwise and counter 
clockwise), tracking a small dot presented in random directions. For all the tasks, participants 
started at Level 1 (easy) in the first week and moved to Level 3 (difficult) by the 3rd week. During 
the 4th week, the levels were chosen randomly between Levels 1-3. The participants were given 
instructions and were provided assistance during training sessions, as needed. A total of 55 
minutes were spent in every session excluding warm up and cool down exercises. Participants 
were instructed to take breaks as they wish in order to minimize undue fatigue or other 
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symptoms such as light headedness or dizziness. A warm up and cool down session was added 
to the beginning and the end of the training session lasting 5 minutes each. Participants were 
allowed to hold on to the side grab bars to break a fall but were instructed to perform the 
balance tasks without continuously holding on to the sidebars. Thus, participants momentarily 
(under 10 seconds) held the sidebars to regain their balance as necessary during each training 
session.  On average each participant held on to the handrails 2-3 times during transition 
between tasks or until they become familiar with the task. 
Non-BSS group: The participants in the balance exercise group performed balanced exercises 
from the National Parkinson Foundation (NPF)283 (www.parkinson.org, Fall Prevention booklet, 
pages 117-125; appendix 1) under the supervision of a research assistant. The intervention 
contained 6 different balance exercises. The participants were asked to visit KUMC to perform 
all exercises (Table 1). A total of 55 minutes were spent on each exercise session excluding the 
rest breaks, and exercises were conducted 3 days a week for 4 weeks. Participants were 
instructed to take breaks as they wish in order to minimize undue fatigue or other symptoms 
such as light headedness or dizziness. Similar to the BSS group, individuals in Non-BSS group 
completed 5 minutes of warm up session and 5 minutes of cool down session in the beginning 
and at the conclusion of each exercise session. The description of the exercises are listed in 
table 1.   
 
Statistical Analysis:  
Statistics software (IBM SPSS v20, IBM Corp, Armonk, NY) was used to analyze the data, and 
the alpha level was set at 0.05 for all statistical analyses. For each of the outcome measures, 
descriptive statistics (mean and standard deviation) were calculated. Normal distribution was 
checked using the Kolmogrov-Smirnov z statistic. No power analysis was calculated for this 
study because it was an exploratory preliminary study. Outcome measures were tested both 
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within and between groups using the Wilcoxon sum rank test and Mann Whitney U test 
respectively. For the significant findings, the 95% confidence interval (CI) of the difference was 
calculated. A Spearman correlation analysis was performed between change in score (post-pre 
intervention) for depression, fatigue and pain to change in scores of fear of falling and QoL for 
both groups separately.  
3.4 Results:  
After screening for the inclusion and exclusion criteria, out of 31 subjects initially identified, 20 
were recruited for the study. The groups were not statistically different at baseline in age (BSS 
group = 63.9 ± 3.8, Non-BSS group = 66.3 ± 7.9 years, p = 0.46), weight (164.2 ± 24.5, 176.6 ± 
52.8 lbs., p = 0.67), disease severity as assessed by Hoehn & Yahr scale (2.7 ± 0.4, 2.6 ± 0.8, p 
= 0.40) or cognitive status as assessed by Montreal Cognitive Assessment test (27.8 ± 1.8, 26.6 
± 2.36, p = 0.18) (table 2). The groups were also not statistically different with non-motor 
outcomes at the baseline (table 1). 
We found significant improvements in fatigue as measured by the FSS for the BSS group (Table 
4) only (mean change = 8 points, 95% CI = - 0.27, 16) following 4 weeks of the training. 
Additionally, we found significant differences for FSS (mean difference = 12.6 pts., 95% CI = 
23.4, 1.7) between the 2 groups (Fig 1 and Table 4). However, we did not find significant within 
group or between group differences following the intervention for depression, QoL, pain, or fear 
of falling.  
3.5 Discussion:  
The purpose of this pilot study was to evaluate the effects of challenging balance exercise 
training using either BSS or Non-BSS on NM features of PD and the relationship of changes in 
the NM symptoms to fear of falling and QoL.  Our results indicate that balance exercises, with 
BSS, resulted in significant improvement in fatigue. . These results suggest that fatigue can be 
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improved with balance training and that BSS should be utilized, when available, to maximize 
these effects.          
Fatigue is defined as “an overwhelming sense of tiredness”, “lack of energy”, or “a feeling of 
exhaustion”. Fatigue is a major NM symptom affecting mobility and function in people with PD. 
Fatigue in PD can be classified primarily into peripheral fatigue and central fatigue. Several 
studies have reported increased fatigue in individuals with PD120,122,125. Although the cause of 
fatigue is unclear in PD, several mechanisms have been proposed such as altered activation of 
hypothalamic-pituitary-adrenal system due to stress, dysfunction of basal ganglia and striato-
thalamus-cortical loop284.  This impairment of central sensory organization has been linked to 
fatigue285.  
In the present study, fatigue improved after of 4 weeks of balance training using the BSS. A 
study by Abrantes et al269 found that higher levels of physical activity were associated with less 
fatigue, which is in accordance with the results of our study, where the increased activity in the 
form of challenging balance exercises resulted in decreased fatigue. A study by Rochester286 
identified that better balance is correlated with walking speed, depression and fatigue; however, 
we saw no changes in depression after either form of balance training. Improvement in balance 
and gait may decrease the unwanted loading of the cognitive system and allow better attention 
for the physical tasks287. 
BSS group showed greater improvement in fatigue compared to non-BSS training.  we infer  
that improvement may be attributed to greater input from the central nervous system.  BSS 
training requires greater engagement of the visual system and cognitive input. The training 
improved individual’s ability to stand upright to view the screen panel and continuously correct 
their balance, which may have resulted in improved upright posture and decreased fatigue288. 
These results are in accordance with previous studies, which indicated that poor posture 
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resulted in increased fatigue in individuals with low back pain289 as well as healthy individuals290. 
In contrast, several previous exercise trials reported either no effect266,273 or even an increase in 
fatigue291 following exercise interventions in PD.  
The neurophysiology of pain perception in PD is not well understood292 but recently pain in PD 
has been classified into several categories i.e. musculoskeletal, radicular or neuropathic, 
dystonia related pain, akathitic discomfort and primary, central parkinsonian pain, suggesting 
multifactorial involvement. Basal ganglia are responsible for modulation and sensory control of 
nociceptive information to higher motor areas, which may impact several dimensions of pain140. 
Although exercise has been repeatedly shown to decrease pain in various conditions293-296, its 
effect in PD has not been well studied. Only a few studies reported effects of exercise training 
on pain in PD144-147. One study evaluated the effects of a 12-week of exercise program 
consisting of flexibility, strength and aerobic training and reported a non-significant (8%) 
reduction in pain. Another study investigated the effects of flexibility and relaxation programs, 
walking and Nordic walking in PD and reported improvement in pain with all forms of 
exercise144. Contrary to the previous studies, our study resulted in no change in pain for either of 
the 2 groups. Pain has been associated with fear of falling297 and poor QoL298 in PD, but we did 
not find any significant correlations between improvement in pain with fear of falling and QoL 
following the balance exercises for any group.  
 Although, the pathophysiological mechanism underlying depression is unknown, it is well 
understood that PD pathological changes extend beyond midbrain and involve loss of non-
adrenergic and serotonergic neurons. These neuronal systems are associated with regulation of 
mood and reward systems as well as mood disturbances in PD. One model suggests that 
disruption of serotogenic neurons lead to dysfunction of orbitofrontal –basal ganglia-thalamic 
circuits, which are related to depression299. This is further confirmed by reduced dopamine 
transport activity, frontal blood flow and caudate frontal glucose metabolism in depressed PD 
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patients300,301. Exercise studies have reported mixed results on depression, with some reporting 
no change214, and some reporting significant reduction86,302 in individuals with PD. Studies 
reporting significant reduction in depression can be attributed to the type of exercises, which 
mainly included aerobic interventions. In our study we found a non-significant reduction in 
depression, which could be attributed to short duration and specificity of exercises or small 
sample size. High intensity and longer duration exercises addressing more aerobic fitness, 
which may influence the neural structures responsible for depression in PD, may result in better 
improvement in depression. In addition, the socialization of group exercise sessions may help 
improve depression in this population; however this was not the case in this present study.  
Presence of NM symptoms can significantly increase fear of falling297 and impact QoL in 
individuals with PD. In the present study, neither form of balance training had a significant 
impact on fear of falling or QoL outcomes. However, non-significant improvement in both fear of 
falling (14% change) and QoL (9.6% change) was noted in the BSS group and non-significant 
improvement in QoL (12.9%) in Non-BSS group. Although, these changes were non-significant, 
they may have significant implications for exercise interventions for individuals with PD. 
Previous exercise studies have either reported no change or improvement in QoL, however it is 
important to understand that those studies reporting a significant change in QoL either used 
dynamic physical therapy exercises or aerobic training protocols176. On the contrary, our 
intervention focused more on static and simple dynamic exercises, which could have led to 
lower non-significant changes in QoL.  More challenging exercises which include more difficult 
balance exercise trials may further improve fear of falling and QoL in these individuals. 
We did not find any significant correlation of fatigue, depression or pain with either fear 
of falling or QoL, which is to be expected as no significant changes were observed for any of the 
variables following the intervention, except for fatigue in the BSS group. Previous studies that 
reported improvements in these variables either used different training strategies (aerobic and 
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endurance training303,304 or interventions over longer periods of time176. Since strong evidence 
related to presence of fatigue284, depression305, pain140, poor QoL306, and fear of falling297 exists 
in the PD literature, the effects of various interventions on these variables should be examined.  
This pilot study has a number of limitations including the small sample size and lack of 
randomization. However, the results provide initial evidence that balance specific exercise can 
have some effect on fatigue in PD, but these results should be confirmed with a larger sample 
size and random allocation of treatments. Additionally, future studies should undertake 
interventions with components of both balance and aerobic exercises and interventions of 
longer duration.  
Conclusion  
The results of our balance training intervention using BSS indicates that challenging balance 
exercises may result in a decrease in fatigue in individuals with PD. Further research is 
necessary to determine the effects of the BSS specifically and exercise in general on the non-











Graph 1: Fatigue severity score for BSS and Non-BSS groups 
 
 
FSS: Fatigue severity scale 
BSS: Biodex stability system group 
Non-BSS: Balance exercises recommended by National Parkinson Foundation (fall prevention booklet) 
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Table 1: Baseline demographics and clinical outcomes for both BSS and Non-BSS groups  
 Group 1 (BSS 
Group)  
Group 2 (Non-
BSS Group ) 
p - value 
Gender (Male/Female) 6/4 5/5  
Age (yrs) 63.9 ± 3.84 66.33 ± 7.97 0.46 
Weight (lbs) 164.24 ± 24.5 176.66 ± 52.82 0.67 
Height (inches) 66.47 ± 4.3 68.611 ± 5.4 0.45 
Disease severity (H & Y) 2.7 ± 0.42 2.6 ± 0.83 0.40 
Cognitive Status (MOCA) 27.8 ± 1.81 26.6 ± 2.36 0.18 
Geriatric depression scale 5.1 ± 5.5 4.4 ± 4.7 0.85 
Numeric pain rating scale 1.9 ± 1.45 2.16 ± 2.7 0.43 
Parkinson’s disease quality of life 
-39 
41.5 ± 29 34.3 ± 17.9 0.73 
Survey of activities and fear of 
falling in elderly 
0.91 ± 0.53 0.88 ± 0.68 0.52 
Fatigue severity scale 31.5 ± 15 34.2 ± 13.7 0.57 








Table 2: Exercises for Non-BSS group:  
Exercise No. of Repetitions Time spent 
Single leg Stance 40 6 minutes * 2 
Standing eyes closed 6  6  minutes* 2 
Toe taps on book 10 4 minutes* 2 
Step ups on a book 24 4 minutes* 2 
Standing foot on step with head 
movements 
12 4 minutes* 2 
Side stepping at counter 10 4 minutes* 2 
 
        Table 3: Means and Standard Deviation of Outcomes at Baseline and Post intervention for BSS 
and Non-BSS groups 
 BSS Non-BSS 
Baseline Post – 
Intervention 
Baseline Post – 
Intervention 
Fatigue Severity Scale 
FSS 
34 ± 13 29.4 ± 12 31.5 ± 15 39.5 ± 13 
Geriatric Depression Scale 
(GDS) 
5.1 ± 5.5 
 
3.4 ± 2.9 4.1 ± 4.7 3.2 ± 3.5 
Numeric Pain Scale (NPS) 1.9 ± 1.4 2.2 ± 2.0 2 ± 2.75 1.2 ± 1.8 
Parkinson Disease Quality 
of Life (PDQ39) 
41.5 ± 29 37.5 ± 30 33.8 ± 17.9 27.9 ± 13 









       Table 4: 95% Confidence Interval for within and between groups for BSS and Non-BSS groups: 
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Although postural instability is a major problem in individuals with PD leading to frequent falls, 
few research studies have examined balance specific training interventions to evaluate changes 
in postural/motor, and non-motor symptoms. Recent studies indicate that challenging balance 
exercises may be more beneficial as compared to simple over ground balance or other 
strengthening exercises and aerobic training, which do not necessarily challenge balance for 
individuals with PD. We examined the effectiveness of progressively challenging balance 
exercise training using the Biodex Stability System (BSS) on postural/motor and non-motor 
symptoms of PD. The BSS device has a movable platform with 20 degrees of tilt to challenge 
balance with and without an option of visual feedback; it has not been utilized as a training 
modality in PD, despite the fact that its efficacy to improve balance in musculoskeletal and other 
neurological disorders has been reported. The purpose of this dissertation was to determine the 
effects of 4 weeks of supervised balance training using BSS as compared to supervised 
standard balance exercises without the BSS on balance, gait, and non-motor symptoms of pain, 
fatigue and depression.  
Four weeks of exercise training using the BSS improved measures of balance and gait in 
adults with PD. However, similar improvements were also seen after an exercise program that 
did not use BSS. This suggests that for the measures used in this study, there were no 
differences between BSS training and general balance exercises (Chapter 2). Additionally, 
significant within group and significant between group improvements (BSS and Non-BSS 
groups) was seen in fatigue following 4 weeks of training. There were no significant within or 
between group improvements noted for any of the other non-motor symptoms Chapter 3). 
4.2 Summary of Findings 




This study was a prospective, non-randomized (self-selected) pilot study. PD subjects at 
Hoehn and Yahr stages I – III (BSS group; n=10 and Non-BSS group, n=10) participated in 55 
minute exercise sessions 3 times a week for 4 weeks. The training required voluntary 
movements during static or dynamic balance tasks. The BSS group performed progressively 
challenging tasks with visual feedback over the course of 4 weeks whereas the control group 
(Non-BSS) performed supervised non-progressive balance exercises taken from the National 
Parkinson Foundation “Falls Prevention” booklet for the same session duration and frequency 
as the BSS group. Both groups completed 5 minutes of warm up and 5 minutes of cool down 
session before beginning and completion of each exercise session respectively. Postural sway 
measures and secondary measures of Berg Balance Scale, spatio-temporal gait measures, 
Timed Up and Go (TUG) and 6 Minute Walk test data were collected at baseline and post 
exercise intervention for both groups. 
We found significant within group improvements  for sway area, CoP path length in ML as well 
as AP direction and Berg Balance Scale scores in the BSS group. Postural instability in PD has 
a complex pathophysiology, which results in inability to perform tasks of transfers and gait, 
frequent falls, and problems with independent living. Recent studies recommended the use of 
CoP sway measures as better indicators of postural instability as opposed to traditional clinical 
measures. Our exercise intervention for the BSS group involved exercises that employed 1) 
dynamic destabilization of CoP pushing the limits of stability, yet maintaining the base of support 
and 2) static balance exercise that required participants to maintain the control of CoP within 
their base of support. During the training the participants needed to rely both on feedback and 
feed forward mechanisms to control their balance. In addition to employing appropriate postural 
control strategies, the participants were using a visual exploration activity that challenged the 
visual and dual task cognitive control. Thus, we believe our BSS intervention trained participants 
to control their CoP within the base of control during static as well as dynamic balancing tasks.  
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In addition to improvement in the BSS group in Berg Balance Scale scores, we also found 
significant within group improvement for the non-BSS group as well. The exercises in the non-
BSS group were taken from the fall prevention booklet available at National Parkinson 
Foundation website. These exercises involved activities such as toe taps on a book and toe 
taps with head movements and side-stepping; these exercises likely challenged the dynamic 
control of CoP within the limits of stability. Additional tasks included single leg stance and 
standing in one position with eyes closed which challenged the static balance, requiring the 
maintenance of CoP at single point with the base of support. However, the subjects in this group 
were not adjusting and pushing their balance outside of their limits of stability with any visual 
feedbacks; nor were they changing the amount of challenge with balance exercises.  
We were not able to compare sway measures as measured by CoP sway and CoP path length 
in ML and AP directions between the BSS and non-BSS groups. Failure to complete between 
group comparisons was caused by technical failure of the force plates to record the CoP sway 
data during the testing of participants in the non-BSS group. Future studies using force plates 
for outcome assessments should clearly verify if the data are collected after every trial. On the 
other hand, we did not find any significant between group differences for clinical outcome 
measure of balance from the Berg Balance Scale score. Research studies have shown 
significant correlation between sway measures such as ML sway and Berg Balance Scale307. 
Considering very few studies examined the correlation between sway measures and clinical 
measures of balance with the berg balance scale, it is difficult to conclude whether significant 
changes in Berg Balance Scale score for non-BSS group would have translated into significant 
improvement in sway measures. A future study is needed to directly compare the force plate 
outcomes following BSS training to a control training to gain a better understanding of the 
effects of BSS-based balance exercises on balance.   
The results of our study are similar to previous studies which used similar exercises to 
challenge balance; however previous studies neither compared balance exercise training to 
95 
 
other exercise interventions nor used sensitive outcome measures such as sway area or path 
lengths of CoP. We did not find significant between group differences in balance scores 
measured by Berg Balance Scale.  There are several possible reasons for this: 1) both exercise 
interventions were similar in intensity and duration, 2) we did not utilize all possibilities available 
in BSS to further challenge participants’ balance; the level of resistance of the platform of BSS 
can be increased to destabilize it further, and 3) a more homogenous group of participants at 
the similar level of disease would reduce variability and result in group difference from the 
intervention.  
We also found significant within group improvements in measures of spatiotemporal gait that is 
gait velocity and step length for both BSS and non-BSS groups. Gait deficits are commonly 
reported in PD and associated with impaired balance. Dopamine deficiency in PD has been 
associated with increased neuronal activity in the basal ganglia80. Increased activity in basal 
ganglia with increased output from globus pallidus pars interna via indirect loop that inhibits 
thalamo-cortical circuitry, leads to movement deficiency or hypokinesia. Decreased leg extensor 
muscle activity and poor balance due to impaired proprioception and deficits in neuronal 
coordination of upper and lower limbs have been linked to gait problems81. The major 
contributor to gait problems in PD is the reduced amplitude of movement leading to decreased 
stride length308. A shortened stride length can be linked to other gait abnormalities such as 
decreased walking speed and increased cadence and double limb support time. All of these gait 
problems lead to increased fall risk in PD84. A study by Rochester286 identified that better 
balance is correlated with walking speed and other gait related outcomes such as stride length 
and step length. Walking and postural instability are not only regulated by higher subcortical 
mechanisms but also involve attentional mechanisms97. Under particular conditions, gait and 
stability requires extra attentional resources. For instance during multi-tasking, individuals with 
PD demonstrate increased postural instability, which increases their risk of falls98. When CoM is 
displaced out towards the limits of stability, which happens during everyday activities such as sit 
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to stand transitions as well as walking, stepping strategies are used to prevent falls. Recently, 
studies in PD have shown that patients have difficulty in initiating compensatory stepping99, 
more specifically towards lateral direction100. 
Our intervention was targeted to improve the control of CoP sway and path lengths in 
both AP and ML directions, and we tested the hypothesis that improvement in postural control 
would translate to improvement in gait. We believe that better control of CoP within the base of 
support not only improved the postural instability in these individuals but also took away the use 
of extra attentional resources required in activities of daily living such as walking. This may have 
helped to improve gait related outcomes such as gait velocity and step length in the BSS group.  
Additionally, we found that our non-BSS group also improved significantly in gait speed and step 
length. The reason for this significant improvement may be that even though ground-based 
exercises did not challenge the participants’ balance at the same level as the BSS, they were 
still challenging enough to cause static or dynamic perturbation. The improvement in clinical 
measures of balance in both groups suggest that both exercise interventions were sufficient 
enough to improve balance, and it strengthens the fact that improvement in balance led to better 
control of CoP (although measured only in BSS group) and improved ability to multitask such as 
those required in walking.  
We did not find any significant differences between the 2 groups for any of the spatiotemporal 
gait measures that is gait velocity and step length. As explained earlier and is also evidenced 
from the description that many exercises in both groups were not significantly different in the 
level of challenge. Additionally, we found that even though the results of our study were 
significantly different at post intervention for both groups, we failed to achieve the clinically 
meaningful change in any measures except for the balance measures which may have better 
implications such as higher intensity and highly challenging exercises may be needed for this 
population. Unfortunately at present there is no data on clinically meaningful changes for the 
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sway measures. Future studies should focus on intervention which employs challenging 
activities and causes the CoP to work on timing and speed of movement in order to reach the 
clinically meaningful difference.  
Furthermore, we found significant within group improvements for dynamic functional tasks as 
assessed by Timed Up and Go (TUG) test and functional endurance as assessed by 6 Minute 
Walk Test (6MWT). Previous research has shown conflicting results with some studies reporting 
significant correlation153,309,310 and some reporting no association311 between the measures of 
CoP or measures of balance and functional dynamic tasks such as TUG or 6MWT. We believe 
that the significant differences seen in our study was due to better control of CoP within the 
base of support. Better control of CoP would have resulted in improved ability to carry out the 
parts of the tasks such as sit to stand, turning etc. owing to decreased sway. Additionally, 
improvement in balance might have resulted in improved confidence in carrying out the task 
associated with movement of CoP towards the limits of stability. One of the other important 
factors that may have played a crucial role in improved timing of TUG and distance covered in 
6MWT could be the improvement in gait velocity as explained above. Gait velocity is a major 
determinant of the results of both TUG and 6MWT. Additionally, our non-BSS group also 
improved significantly following the intervention. As stated above, the non-BSS exercises were 
very similar to the BSS exercises in terms of challenge. These exercises were completed over 
ground, which resembles the natural environment of the participants and might have improved 
their confidence level in performing these activities.  
 We did not find significant between group differences for TUG or 6MWT partly due to the 
fact that both exercise interventions were very similar in terms of challenge. We recommend 
that future studies should employ more challenging exercises, which may results in significant 
and clinically meaningful changes in the functional and endurance outcome measures. In our 
study, we did not explore other options available on the BSS such as moving the platform to the 
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maximum available tilt, which could have significantly changed the dynamics of the training. 
Considering this as the first study looking at the efficacy of BSS in individuals with PD, we 
decided to use less challenging environment considering participants’ safety. However the 
device appears to be safe and has inherent capability to significantly challenge balance by 
decreasing the resistance of the platform, thereby allowing greater movement in all planes.  
Limitations of the training:  
The result of this work provides the first evidence that individuals with PD demonstrate improved 
balance using BSS system after 4 weeks of balance training assessed by sway measures on 
the force plates. We failed to record the force plate data for the non-BSS group due to technical 
failure. Force plate results from the non-BSS group would have helped us tremendously in 
delineating whether training specifically focused on only improving sway measures was in fact 
better than the general balance exercises, which are being prescribed to individuals with PD. 
However, it should be noted that we found significant within group improvements in other 
balance outcome measures as well such as Berg Balance Scale for both groups. Previous 
studies have reported significant improvement in Berg Balance Scale scores following similar 
training strategies, which employed manipulation of CoP 86,182. Both types of trainings improved 
balance significantly following the training. One of the major reasons for not being able to see 
any between group differences in our study is the fact that even though BSS was used, we did 
not explore other options such as using the full tilt of BSS system. The platform can be made to 
tilt up to 12 degrees in any direction which would have increased the challenge significantly; 
however considering the vulnerability of this population and also considering the fact that this 
was the first study using BSS, we decided not to go below the resistance level of 9 degrees 
regardless of the patient’s ability. It is possible that some of the individuals who were at lower 
severity level that stage I or II of H& Y scale might have reached a ceiling effect. Training 
beyond the resistance level 9 would have significantly challenged these individuals and might 
have resulted in statistically as well as clinically meaningful changes. Future studies should 
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definitely try to have more uniform sample size in terms of severity level and also should use 
more challenging protocol by decreasing the platform resistance, thereby significantly 
challenging these individuals.  
Both types of balance training that is either using BSS or the one without BSS resulted in 
improved gait variables as assessed by GaitMat. Again, higher level of challenge and equality of 
groups in terms of severity of the disease may have resulted in better outcomes in terms of 
statistical significance as well as clinically meaningful changes. We recommend that future 
studies should employ more challenging training by using the full available tilt (1 -12 degrees, 
where 12 is maximum resistance, platform is practically stationary).   
The results from this study suggest that adding challenging balance exercises using devices 
such as BSS, to the rehabilitation of individuals with balance problems more specifically those 
with PD can help improve balance and spatiotemporal gait. This improvement in balance and 
gait may reduce the number of falls and improve quality of life in individuals with PD. However, 
the results of our study should be considered with caution as the sample size is very small (n 
=10 in each group) and results may not represent the real change. Additionally, the participants 
were between stages I – III of the H &Y stage, where stage I represents minimal unilateral 
symptoms and stage III represents bilateral changes with mild postural instability. It is possible 
that individuals with stage I or II might have reached the ceiling effect in terms of the task 
difficulty and the training was not intense enough to cause any further changes in their balance, 
whereas the individuals at Stage III may have significant difficulty in the task completion. A more 
homogenous group in terms of severity would have helped us in determining the efficacy of our 
intervention. We suggest that future research studies should conduct large sample sized, 
randomized control trial with more challenging balance exercises by using the full tilt available 
on the BSS. Additionally, the CoP sway measures should be compared between groups to 
identify the better treatment options for postural instability in these individuals.  
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4.2.2 Effects of balance training on non-motor symptoms of Parkinson’s Disease (chapter 
3).  
The objective of this study was to evaluate the effects of balance training using the BSS on non-
motor symptoms of fatigue, depression and pain in individuals with PD. This study was a 
prospective, non-randomized pilot study. PD subjects with Hoehn and Yahr stages I – III (BSS 
group; n=10 and Non-BSS group, n=10) participated in the exercise sessions 3 times a week 
for 4 weeks as described above. The control group (Non-BSS) performed supervised balance 
exercises taken from the National Parkinson Foundation “Falls Prevention” booklet, as 
described above. The outcome measures included fatigue, depression, pain, function, and 
quality of life. There were significant within group improvements in fatigue after BSS training 
and significant between group (BSS and Non-BSS groups) improvements in fatigue. There were 
no significant improvements for any of the other non-motor symptoms. 
Non-motor problems coexist with the motor symptoms in PD and are easily overlooked and 
untreated for long time after the diagnosis is made312. Several studies using different 
interventions such as physical activity136,313, endurance270, dance314 and qigong315 exercises 
have reported mixed results, with some reporting no improvement and some reporting modest 
improvements in non-motor symptoms of PD. Studies in elderly316 as well as young317 healthy 
individuals have reported association of balance deficits/problems with fatigue, pain318 and 
depression. Individuals with greater fatigue and more symptoms of depression had more falling 
incidences as compared to those without these symptoms319. Despite the clear evidence of a 
relationship of balance with non-motor symptoms, none of the balance specific intervention 
studies reported in literature examined changes in non-motor symptoms of the PD following 
balance training. Our study is the first study to examine changes in the non-motor symptoms of 
fatigue, depression, pain, and fear of falling following 4 weeks of balance training.  
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Although the cause of fatigue is unclear in PD, several mechanisms have been proposed such 
as altered activation of hypothalamic-pituitary-adrenal system due to stress and dysfunction of 
basal ganglia and striato-thalamus-cortical loop284. This impairment of central sensory 
organization has been linked to fatigue285. Research studies using transcranial magnetic 
stimulation demonstrated that physical fatigue causes cortico-motor neurons excitability in 
normal healthy individuals as well as in individuals with PD127,128. Exercises focusing on 
endurance270, resistance270 and balance271 interventions were reported to be helpful in 
managing non-motor symptoms such as depression270, pain271 and fatigue270. A recent meta-
analysis197  suggested that highly challenging balance exercises should be included in the 
rehabilitation programs for improvement in non-motor symptoms of PD. 
The BSS group showed greater improvement in fatigue compared to non-BSS training.  We 
infer that improvement may be attributed to greater input from the central nervous system.  BSS 
training requires greater engagement of the vision, proprioception, and cognitive input in order 
to complete the tasks of static and dynamic balance exercises. The participants were required 
to control the movement and speed of the CoP sway in BSS group in order to complete the 
tasks. Improved balance has been related to improvement in fatigue180. Additionally, BSS 
training may have improved individual’s ability to stand upright in order to view the screen panel 
and continuously correct their balance, which may have resulted in improved posture and 
decreased fatigue288 as suggested by few previous research studies in low back pain289 as well 
as in healthy individuals290. Holding an upright posture during the entire 60 minutes of training 
may have strengthened postural muscles leading to decline in fatigue in this group. Conversely, 
fatigue was not significantly decreased in the non-BSS group. Participants in the non-BSS 
group did not receive visual input and thus may have not been able to sense and adjust their 
posture, causing less stress on postural muscles and thus less change in fatigue. Fatigue 
declined in both the groups, although greater in the BSS group, signifies that balance training 
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with a capability to improve the control of CoP sway may improve fatigue or perception of 
fatigue in individuals with PD. In addition, increase in general activity by participation in the 
balance exercises would have also contributed to improvement in fatigue. Recently Abrantes et 
al269 reported a higher level of physical activity to be associated with lower levels of depression, 
fatigue, and apathy in individuals with PD. Future studies should employ greater challenging 
balance activities, which may indirectly improve fatigue. Additionally future studies could use 
sensitive measures to delineate any central changes in the form of neuroplasticity via functional 
resonance imaging studies of the brain following challenging balance exercise interventions.  
Depression is a commonly reported non-motor feature in PD. Increased loss of dopaminergic 
neurons and nor-adrenaline transporter in locus coerulus and limbic system was reported in 
individuals with depression as compared to non-depressed patients in PD135. Additionally, 
animal studies have shown that physical activity causes restoration of brain derived neurotropic 
factor (BDNF) and proBDNF, which are decreased in rats with experimentally induced PD320. 
Our results did not show any significant improvement in depression in either group. Exercise 
has been reported to have beneficial effects on both motor and non-motor symptoms of PD. A 
few studies have reported either a decrease136 or no change137 in depression following an 
exercise training in individuals with PD. Treadmill training has shown improvements in 
depression in PD induced animals321,322, however this has not been repeated in any human 
studies. Other studies which used components of balance training i.e. yoga323,324 tai chi or 
dance interventions325,326 in addition to strength, aerobic, or gait training reported either a trend 
of decline324 or significant decline313,323 in depression scores.  Although our balance specific 
training did not show any significant improvement in depression, there was a trend in decline in 
the depression scores of both groups. Additionally, score between 0 - 9 represents no 
depression on the GDS scale. The mean scores for the depression scores for both groups (BSS 
– 5.1 and Non-BSS – 4.1) were well below the cut off score for depression. The fact that none of 
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the participants in either group had significant depression at the baseline it is not surprising that 
depression was not significantly changed. Future studies should include individuals with and 
without the depression to identify the efficacy of balance training on depression. Additionally, as 
reported previously, balance exercises combined with other forms of training such as gait and 
mobility offered in a group setting such as in yoga and dance may have better positive impact 
on the patients and thus result in better improvement in depression.  
Over 80% of the individuals with PD report some form of pain140. Expert opinion recommends 
exercise should be included as one component of pain management in Parkinson. Recent 
research studies indicate the presence of diffuse pathology in both dopaminergic as well as 
non-dopaminergic pathways resulting in numerous motor as well as non-motor symptoms. 
Participants in both of the groups had minimal pain to begin with mostly of musculoskeletal 
origin. Our results indicated no change in pain in either of the groups. A research study144 
indicated improvement in pain following all three interventions, flexibility and relaxation, walking 
and Nordic walking. They attributed these changes to increased physical activity. A higher 
proportion of their sample (36%) had osteoarthritic pain, which may have improved due to 
increased physical activity itself. Emerging evidence suggests that exercise may promote 
neuroplasticity and neuro restoration in individuals with PD via impact of nociceptive signals. 
Research studies have indicated that people with PD lose dendritic spines from striatal 
neurons327,328, however treadmill training reverse this loss of dendritic spine329. Loss of dendritic 
spine has been related to neuropathic pain in diabetes330. This reversal of loss of dendritic 
spines following exercise provides some evidence of neuroplastic changes in PD following 
exercise. Neuroplasticity has also been reported following walking331 and balance exercises332 in 
brain imaging studies. Recent literature suggests high intensity exercises in animals resulted in 
pain inhibition. This pain inhibition following high intensity exercise is caused by adenosine 
expression in addition to opioid regulation. Another neurotransmitter which may have been 
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involved in pain inhibition is adenosine. Adenosine is released following the breakdown of 
adenosine triphosphate during exercise, causing increased extracellular adenosine333. 
Adenosine in turn plays important role in suppression of inflammation and inhibition of 
cytokines; therefore adenosine may have important role in pain inhibition following exercise in 
PD.  The only one study which examined pain as an outcome144 assessed the efficacy of 3 
different exercise programs, flexibility and relaxation, walking, or Nordic walking in individuals 
with PD.  Exercises completed 3 times a week for 6 months results in improvements in pain in 
all 3 groups. However, this study lacked no exercise control group as well as no description of 
pain was provided. Our study was targeted to improve balance and gait outcomes with pain 
being a secondary outcome. We did not find any significant improvement in pain both groups. 
Overall, this information suggests that future studies of high intensity exercises should also 
include aerobic interventions or other form of training (i.e. behavioral training) that may have 
implications for improvement in pain in PD. Additionally, the severity and description of pain 
should be taken into consideration along with pain intensity.  
4.2.3   Exercise related neuroplasticity as a possible mechanism for changes in improved 
balance, gait and non-motor symptoms reported herein   
Neuroplasticity is the process by which brain translates experiences and learns new behaviors 
by creating new or by modifying current neural pathways. Neuroplasticity strengthens neuronal 
circuitry via several processes such as synaptogenesis (addition or modification of synapses), 
neurogenesis (creation of new neurons) and neuronal sprouting (modification of neurons)334 in 
response to changes in behavior or environment, including exercise training. Exercise induced 
benefits such as increased or altered use of cognition and increased blood flow provide optimal 
environment required for neuroplasticity.  
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Exercise training for neuro-rehabilitation in PD incorporates goal directed motor skill tasks. The 
improvement of motor performance depends on many components of the training such as the 
number of repetitions, level of intensity, degree of challenge, and execution of skillful tasks. The 
fact that individuals with PD show retention of task benefits (especially gait and balance) after a 
period of time is consistent with principles of motor learning and underlying neuroplasticity335. 
Another important component widely used in exercise training for PD is cognition. Cognitive 
involvement can be expedited by (I) feedback (e.g. verbal or proprioceptive), (II) cueing (i.e. 
attention), (III) dual tasking (i.e. attention), and (IV) motivation. 
Individuals with PD experience increasing difficulty with balance and gait. Research studies that 
focused on challenging static and dynamic balance training have reported positive results. 
Training using challenging tasks, which require repetitive control of dynamic balance, 
proprioceptive feedback from moving platform, and verbal feedback/cues that include attention 
and facilitate cognitive engagement during the task, may be the cause for improvement in 
balance and gait seen in PD. Exercise modalities targeting balance and gait include goal-
oriented skill training while increasing cognitive demand.  
Balance exercise studies in the form of balance training336,337, Tai Chi222,338, Argentinian 
Tango198,235 and boxing215 share common elements, which include goal-based practices under 
supervision to facilitate learning through feedback. Feedback helps in (i) challenging patients 
beyond their perceived level of comfort, (ii) motivation to perform tasks, and (iii) facilitating 
patient’s engagement to control the previously learned automatic and unconscious movements.  
Automatic control of movements without conscious attention or executive control339 of balance 
and gait are impaired in PD. Early pathological changes are marked by depletion of dopamine 
within the basal ganglia that result in impaired circuitry responsible for automatic control. 
Depletion of dopamine causes inhibition of indirect pathway in the striatal-thalamic-cortical 
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circuit due to reduced dopamine receptor activation. This inhibition of the indirect pathway 
results in bradykinesia340. The loss of automaticity remains a difficult problem in individuals with 
PD.  
Exercise interventions using both intense and challenging goal based training in combination 
with aerobic training have shown some evidence of neuroplasticity in the striatal thalamic 
cortical circuit responsible for automatic control217. Fisher et al. reported improved gait and 
balance along with exercise-induced decrease in cortico-motor excitability via increase in 
duration of cortical silent period217 following 8 weeks of (24 sessions) of gait training at faster 
speeds using treadmill. In another study, 8 weeks of treadmill training was associated with 
increase in dopamine receptor (DA-D2R) binding potential331. Both changes in cortico-motor 
excitability and DA-D2 receptor availability may be responsible for moderating inhibitory drive of 
the automatic circuitry. Albert et al. 341showed possible effects of exercise on neuroplasticity and 
the circuitry responsible for automatic control using forced cycling. The participants were forced 
to pedal at 30% greater rate than their preferred rate thereby adding cognitive component 
required to keep up with the higher pace in addition to the effects of aerobic training342. This 
caused central changes as evidenced by improved automatic manual dexterity in addition to 
improved connectivity between the cortical and the subcortical regions involved in automaticity. 
This data supports that exercise that involve both goal-directed practices and aerobic training 
may work collectively to facilitate neuroplasticity within the basal ganglia. 
Our study included exercises that utilized challenging goal-based practice of the balance 
tasks. Additionally, the challenges posed increased level of difficulty every week, which 
maintained subjects’ motivation and interest in the exercise intervention. This increasing 
challenge with exercise may have been responsible for the better results in the BSS group. 
However, the group that performed supervised over-ground exercises also showed positive 
results in terms of balance and gait. One of the reasons for this could be that the exercises were 
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new to the patients, which would have provided a challenging environment and kept subjects’ 
motivation throughout the intervention period. Additionally, most of the tasks completed in BSS 
group involved movement of the CoM outside the base of support, which challenged these 
individuals. We did not find significant between group differences in our study. One of the major 
reasons could be the relative equality of the exercise interventions (i.e. exercise duration and 
possibly exercise intensity) and lack of clear distinction of the level of challenge between both 
groups. It has been suggested that highly challenging exercises are more beneficial for 
individuals with PD. Increasing the difficulty level of the task or using the time constraint may 
challenge these individuals even more, which can further improve their balance and other gait-
related dynamic functions.  
4.3  Clinical Implications 
Past studies have suggested that exercise in the form of balance training has the potential 
to improve postural instability in individuals with PD. Postural instability, which is one of the 
cardinal and most disabling features of PD, results in frequent falls. Recently, studies have 
suggested that more challenging balance training, especially one which forces the individuals to 
move out of their limits of stability, may help to improve postural instability. There is scarcity of 
studies focused on balance specific training in PD. The results of this study may lead to a better 
understanding about the role of specific and challenging balance exercise on postural instability 
in individuals with PD. From past studies it is unclear whether improvements in postural 
instability results in improvement of gait in PD. The results of this study further suggest that 
improvements in balance are translated into the gait.  
Although non-motor features of PD such as depression, pain, fatigue and fear of falling 
are reported in several studies, these non-motor symptoms begin much earlier in the disease 
progression than motor symptoms and they can have profound effects on mobility and quality of 
life. However, none of the balance training studies have reported any changes in non-motor 
108 
 
symptoms of PD. Our results indicated that balance specific training with BSS may help to 
alleviate fatigue in PD but have no effects on depression, pain and fear of falling.  
We failed to find any between group differences for BSS and Non-BSS groups. This indicates 
that balance exercises regardless of the modality used might help in improvements in balance 
and gait, which is indicated by significant changes in the BSS as well as Non-BSS groups. 
However considering the fact that both exercise interventions with and without using BSS 
resulted in similar improvements in both groups, we acknowledge that it was possible to further 
challenge balance significantly in the BSS group by decreasing resistance of the platform 
beyond 9 degrees. A further decline in the resistance of the platform, would have enabled us to 
challenge the participants more, however considering the balance issues in our group, a 
potential to lose balance and the fact that this was the first study utilizing BSS for training these 
individuals, we did not decreased the resistance level below 9 degrees.  
The findings of this study suggest that clinicians could effectively use challenging 
balance exercises either individually or in conjunction with other exercises to improve postural 
instability in PD. Additionally, specific challenging balance training can help with improvements 
in gait and other non-motor symptoms such as fatigue. Clinicians should consider using specific 
balance training while designing exercise programs for individuals with postural instability in PD. 
Further research should be conducted using a large sample size in a randomized control design 
and using full range of resistance to the platform in order to understand the effects of highly 
challenging balance training on balance, gait, functional tasks and other non-motor issues in 
PD.  It is difficult to conclude whether challenging the balance further below 9 degrees of 
movement of the platform would result in significant improvements. Additionally, it is difficult to 
conclude whether training using BSS is better than non-BSS or not. Having the sensitive 
biomechanical data from the force plates from both groups would be beneficial in making a 





The results of this study should be viewed with caution due to several limitations: 
A. Study Design: One of the major limitations of the current study was the design of the 
study where subjects were not randomly assigned to either the BSS or non-BSS groups. 
The BSS group selected to participate in the balance exercise and then the non-BSS 
exercise group was recruited with age, gender and severity matched to complete 
balance exercises without BSS. A properly randomized control trial would have helped to 
better assess the differences between the 2 groups.  
B. Data collection error: The initial intention was to compare the groups using more 
sensitive biomechanical measures of sway such as sway area, path length or root mean 
square velocity. Due to technical failure of equipment to save the data from the Non-BSS 
group discovered after the completion of the data collection period of the study, we were 
unable to compare BSS and Non-BSS groups on more sensitive biomechanical 
measures, which may have answered our initial research question more precisely 
(hypothesis 1a). 
C. Small sample size: Another major limitation of this study was the limited sample size. 
Sample size was calculated based on the confidence intervals determined from the 
preliminary investigations completed in our lab. Since our study utilized multiple outcome 
measures, the meaningful clinical difference from all the measures would have helped in 
better sample size calculation. However following the preliminary study, we added many 
new outcome measures; therefore a larger sample size might have helped to justify the 
efficacy of our treatment.  
D. Intervention: Our intervention used balance training using the BSS system for 4 weeks. 
Previous studies with longer duration (6 -10 weeks) of training have shown significant 
improvements in balance and gait related outcomes.  During the training, we did not 
utilize the whole 20 degrees of tilt available on the BSS due to feasibility and subjects’ 
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safety concerns. Decreasing the resistance of the platform could have triggered more 
postural reactions, which in turn might have improved postural instability even more. 
Considering this was the first study using BSS system and the severity of postural 
instability in these individuals; we decided to use highest resistance possible on the 
device for movement of the platform. Using the entire range of tilt during training may 
improve balance more as compared to the Non-BSS group.  
E. Although, we tried to control for the time of exercise and testing, some of our participants 
may have come at a time when their medications were not working at their peak. 
Dosages of medication in individuals with PD vary, which may have influenced treatment 
outcomes. Although pharmacological studies have shown significant improvement in 
patients’ general mobility, dopaminergic treatment has shown no effects on balance and 
postural instability90,343. However, to fully investigate and understand the effects of 
exercise/balance training only, it is imperative to have a more homogeneous group of 
participants with similar medications. Future studies should include participants who are 
at similar severity level of the disease, intake similar medications with a specific range of 
medication dosage as an inclusion criterion.   
 
4.4 Future Directions  
Our results showed that challenging balance specific exercises can help improve sway 
measures, gait variables and other non-motor symptoms of PD. However, due to several 
limitations in the study, future studies using similar training methods are warranted to evaluate 
the full effects of such training in individuals with PD. We propose several extensions and 
remediation to the present work to address motor as well as non-motor symptoms of PD.  
a) Large sample size and randomized control trial 
The results of the present study are promising; however the limited sample size and non-
randomized design weakens the generalizability of the results. Our results from the preliminary 
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data provided an effect size of 0.38 and 0.60 for the CoP path length in medio-lateral direction 
and sway area respectively. These effect sizes and use of multiple outcome measures warrants 
a large sample size for studies like this. Based on the effect sizes obtained, it is estimated that a 
sample size of 90 would be required. Additionally, using randomized design will help in 
evaluating the differences between the balance training using BSS system as compared to the 
true control groups like usual care or only education. . 
a) Challenging exercises: 
Several studies have indicated that highly challenging exercises may yield better outcomes in 
PD. In our study, we used challenging exercises, where individuals stood on the BSS platform. 
Considering this as the first exercise trial using BSS system and balance problems of these 
individuals, we used maximum resistance for the platform during exercises of static and 
dynamic balance. The platform has the inbuilt capacity to move 20º in every direction, which can 
make the tasks of balancing even more challenging. The future exercise trials should focus on 
using more challenging exercises by utilizing the whole tilt available on the BSS system which 
may result in further improvement eventually leading to clinically meaningful changes.  
Additionally, we also found significant improvements in the non-BSS group, but none of the gait 
and functional outcomes reached the clinically meaningful difference. Adding more challenges 
to the non-BSS group may also result in clinically meaningful changes such as increasing the 
length of time for one legged standing or including the tasks with activities such as forward 
reaching, turning etc.  
b) Mixed exercise options:  
It has been reported that muscle weakness is not only due to inactivity but also from disease 
process, as muscle weakness is present during the early stages of PD when patients are 
active176,183. Several studies in elderly (age ≥ 65 years) have indicated that weakness of lower 
extremities result in postural instability344. A recent review study by Orr et al345 indicated 
significant association between strength and balance. Toole et al183 evaluated whether the 
112 
 
effects of strength and balance training can improve postural instability in individuals with PD. 
They found that individuals, who received both strength and balance training combined 
demonstrated improvement in both strength and balance, whereas the group that received only 
balance training did not show any improvements in any outcome measures. Similar results were 
reported by Hirsch et al.180, which found higher rate of improvement following 10 weeks of 
combined balance and strength training as compared to only balance training in individuals with 
PD. Trunk strengthening have been related improved postural stability in individuals with PD346. 
Strength training could have improved the functioning of sensorimotor systems (visual, 
vestibular and proprioceptive), which might have helped with better postural stability. 
Additionally, better muscle strength might have provided additional strength to counteract the 
effects of destabilization forces resulting in better balance. Therefore, the future studies using 
BSS should also include strength training including strengthening for trunk and lower extremities 
to evaluate whether such training is better than just balance training.  
c) Considering the progressive course of PD, it is important to evaluate whether the exercise 
training has any effects on the symptoms beyond the time period of the intervention. Our study 
examined the effects of balance training immediately following the 4 weeks of training. A long 
term follow up of balance training and control group at 6 months and one year following training 
will help clinicians decide, whether balance training using BSS system is a better option as 
compared to other forms of balance training. Additionally, since the changes did not reached 
clinically meaningful changes, we suggest that effects of longer training duration should be 
examined in future.  
4.5 Conclusions:  
The body of work presented in this dissertation extends the current literature related to 
the effects of a balance specific training in individuals with PD. The limited work on balance 
interventions and more specifically challenging exercises using BSS system led us to develop 
this intervention. The findings of this study are an extension of preliminary work completed in 
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our lab and add to the body of knowledge about balance exercise training in PD. This is the first 
study, which utilized the BSS system for the training and also included biomechanical measures 
of sway to evaluate changes following such an intervention. Furthermore, the results of this 
study indicate that the changes in sway measures are translated into spatio-temporal measures 
of gait. Finally, this work indicated that participation in exercise in general and specific balance 
training may lead to improvement in fatigue, which is one of the leading non-motor symptoms 
reported in PD. However considering the small sample size, short duration of the study and co-
morbidities present in this population, it is difficult to make any definite conclusions.  Overall, the 
present body of work provides concurrent evidence that balance training using BSS system is 
feasible and effective in individuals with PD. However a further study with larger sample size, 
randomized control trial and long term follow up is required to better understand the mechanism 
of balance training in these individuals. The findings of this work have implications for research 
and rehabilitation of not only individuals with PD but also in individuals with other neurological 
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Activity # sets Duration # reps 
Static Normal standing 3 6 min 6 
 Standing on both feet 
tightly together 
3 6 min 6 
 Standing on left foot 3 6 min 18 
 Standing on right foot 3 6 min 18 
Dynamic Antero-posterior weight 
shift 
3 6 min N/A 
 Medio-lateral weight shift 3 6 min N/A 
 Percentage weight shift 3 6 min N/A 
 Limits of stability n/a 6 min N/A 







Appendix 3: Balance exercise from “Falls prevention” booklet from National Parkinson’s 
Foundation  
 
Exercise #of reps Time spent 
Single leg stance 40 ( 20 each on 
side) 
6 minutes* 2 
Standing eyes closed 6  6 minutes* 2 
Toe taps on book 10 4 minutes* 2 
Step ups on a book 24 4 minutes* 2 
Standing foot on step with 
head movements 
12 4 minutes* 2 
Side stepping at counter 10 4 minutes* 2 
 
 
 
 
 
 
 
